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HYDROFOIL VESSELS 


By C. BEASON and A. K. BUCKLE 


PART I—GENERAL CONSIDERATIONS 


INTRODUCTION 

There is an abundance of literature available on the history 
of hydrofoil vessels, including descriptions of recent vessels, on 
the theory of the hydrodynamic behaviour of fully submerged 
foils in smooth water, and on the economics of hydrofoil 
vessels. 

There does not seem to be much value in restating what 
has already been said many times before, so this paper will 
concentrate on aspects that are not too easily available else- 
where, with just passing references to the above three points 
of interest. 

The “first cost” price of a hydrofoil vessel is very high 
compared with normal ships on a ton for ton basis. To be 
economic, therefore, there must be considerable savings in 
fuel costs, or else services must be concentrated only on 
routes where passengers will pay high fares for speed or 
novelty reasons. In the long run, novelty will cease to be an 
important factor and speed is then the only selling point 
left. 

Fig. 1 gives a typical comparison of resistance / displacement 
ratios for hydrofoil vessels and fast motor boats, each about 
40 tons displacement, and it can be seen from this that hydro- 
foil vessels cannot compete unless they will be able to operate 
at speeds in excess of about 4\/L. This means, in practice, 
that no commercial vessel is likely to be economic if the 
route does not call for speeds in excess of 30 to 40 knots, 
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Typical resistance / displacement curves for 40-ton craft. 


which, in turn, means journey lengths of a least 15 or 20 miles 
(unless the boat is for holiday jaunts round the bay). This has 
to be borne in mind when considering service limits. 

The history of hydrofoil vessels is short and a good sum- 
mary is given by Crewe (Ref. 1). The original patentee is not 
in dispute, as he had the luck, or good sense, to combine 
French birth with Russian nationality. He did his experiment- 
ing on the Seine from 1891 onwards. 

The first ladder foils were of Italian design and were 
patented in 1898. 

The first incidence controlled foils were patented by an 
American in 1906, and the first inherently stable designs seem 
to be of French and German origin and are dated in the 
1930's, but progress was slow and only about a score of these 
craft were built during the first 50 years of their use. The 
main problems seem to have been due to both cavitation and 
machinery weights being unacceptably high at that stage of 
technological progress, but since 1945 the situation has 
changed completely, as can be seen from the Appendix to 
this paper. 


Basic Foil ARRANGEMENTS 

There are four basic foil arrangements, but these are not 
sharply divided in practice, actual vessels tending very often 
to be of intermediate designs. 

There is little agreement on standardisation of definitions, 
so the names given below, and elsewhere in this paper, are 
not the only ones used although they are rather less con- 
troversial than some that have been proposed from time to 
time. They are: — 

A. “Grunberg”, in which the main foil is placed almost amids- 
ships and is designed to carry about 90 per cent of the 
weight, and a pair of small surface skimming floats is set 
right forward to take the remaining 10 per cent of the 
weight and to provide some measure of stability (see 
Fig. 2). 
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Grunberg arrangement of foils. 


B. “Canard”, which is similar to the Grunberg arrangement, 
except that a submerged foil is substituted for the surface 
skimming floats. 

C. “Aeroplane”, in which the main foil is again placed nearly 
amidships, but in this case forward of the L.C.G. of the 
vessel, and the auxiliary foil is then set right aft, where 


it is combined with a rudder in most cases (see Fig. 3). 
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Aeroplane arrangement of foils. iy 
Foil arrangement used on 


D. “Balanced”, (Tandem in North America), in which about PT. 50 and PT. 20 vessels. 
50 per cent of the weight is taken by each of two foils, one 
placed well forward and the other right aft. (b) Designs that combine the Grunberg and Aeroplane 


The two main variations of these are: — arrangements such as the Aquavion designs that the 


(a) Designs part way between the Aeroplane and Balanced Society has classed. These carry about 85 per cent of the 
arrangements, such as the Supramar PT. 50 and PT. 20 Weight on a main foil near amidships, and about 5 to 10 
designs which are now classed by the Society, in which per cent on an after foil assisted by the angled thrust of 
about 65 per cent of the weight is carried by the forward the propeller. The remaining lift is generated by the 
foils and 35 per cent by the after ones. skimming foils at the bow. 
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“Aquavion” arrangement of foils. 


The craft shown is one of the “Aquastroll 40P” design of vessels classed with the Society 100A1 Hydrofoil Craft for Coastal Service (limits 
to be defined) 39’ 4” L.B.P. x 18’ 0}” Beam (moulded) x 4’ 3” Depth (moulded) x 7’ 7” Draught at rest/3’ 9” Draught at 32 knots still water 
when fully loaded. Powered by 2 Boeing 502-10 MA gas turbine engines each developing 270 B.H.P 
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Basic For Types 

There are four main foil types. These are: — 

A. “Fully Submerged” which, as their name indicates, remain 
permanently under water while in service. 

B. “Hoop”, which do not always live up to their name, as 
they are often in the form of a V. These foils are designed 
to pierce the surface of the water when the vessel is 
operating at cruising speed (see Fig. 6). 

C. “Ladder”. Ladder foils are so called because in the early 
designs of this type they consisted of a number of foils 
placed one above the other between two struts like the 
rungs of a ladder, but in later versions almost all the 
rungs have been given dihedral, so that there is no sudden 
change of lift as foils clear the water surface one at a 
time, and in many cases the foils are now cantilevered out 
from a central strut (see Fig. 6). 
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FIG. 6 


Various types of foils. 


D. “Skimming”. These can be subdivided into three varia- 
tions according to their purpose. When used as part of a 
Grunberg or modified Grunberg arrangement, they are 
normally shaped so that they will give a very large hydro- 
dynamic lift, as well as hydrostatic lift, if they are sub- 
merged in a wave. This lift is sometimes as high as 80 or 
90 per cent of the total weight of the vessel, compared 
with 5 or 10 per cent when the craft is cruising normally. 

When used as part of a mechanical wave sensing system 

(that can alter the angle of incidence of the main foils to 
correct trim or heel), they are usually made as flat plates with 
hinged sprung flaps on their trailing edge (see later), When 
used purely as a device to provide stability, as occurs on many 
river craft, they normally take the form of inclined brackets 
cantilevered off the vessel’s shell, at about one-third of the 
vessel's length from the bow, and are then less efficient when 
submerged than when planing on the water surface. 


PART 2—EQUILIBRIUM 


ConTROIL. METHODS 


The object of fitting hydrofoils to ships and other craft is 
to get over wave problems, or to be more exact, to get the 
hull over the waves while the foils remain below them. This 
being so, some means are required to control the vessel’s 
flying height without losing directional stability in the process 
and without trim, heel or accelerations becoming unaccept- 
ably large in rough weather, and without cost making the 
craft uneconomic to operate. 

As yet, the problem has not been fully solved, and all 
hydrofoils so far classified by the Society have had to be 
given a restricted service notation. 

However, provided conditions are within certain limits, 
which vary widely from vessel to vessel, commercial craft 
can be built, and indeed are built, in which the motion does 
not get worse than one would experience in an express train, 
and in calmer weather the motion closely resembles that of 
an aeroplane. 


ELECTRONIC CONTROLS 


The most sophisticated control method is by use of ultra- 
sonic or electromagnetic sensors set so as to automatically 
measure the vessel’s motion relative to the surface of the sea, 
these being combined with gyroscopes to check the absolute 
motions of the vessel in space. Two sensors are usually fitted, 
one on the port bow and one on the starboard bow, so that 
account can be taken of waves approaching from the beam 
as well as from ahead. Due to the speed of the vessel through 
the water, it will normally overtake all waves that are not 
much longer than the vessel, so no account need be taken of 
the height of following waves as the vessel will contour them 
without undue trouble. 

The basic designs of autostabiliser units of this type do not 
vary greatly from those for aircraft autopilots, the input from 
the height sensors being substituted for that from an aircraft’s 
altimeter, but the speed of response and the power balance 
between the various units needs to be drastically adjusted and 
some means has to be built in so that transverse, longitudinal 
and directional stability are maintained during take off and 
landing, and so that “fail safe’ arrangements will cut back 
the engines and crash land the vessel quickly enough to 
prevent a capsize in the event of the transverse stability 
mechanism developing a fault. In an aircraft, of course, one 
prefers to stay up in such circumstances! 

Controls of this type are fitted with damping mechanisms 
that will ignore all waves that will not result either in the foils 
breaking surface* or in the wave crest hitting the underside 
of the vessel’s hull, except, of course, that there must be some 
form of over-ride control that will prevent the foils from 
stalling at some inappropriate moment such as at take off. 

A diagrammatic layout of one such control system, which 
in this case is exclusive of steering gear control, is given in 
Fig. 7. 

The amount of electronics involved in systems of this type 
is such that, at current prices, it is doubtful if complete auto- 
stabilisation can be fitted on commercial vessels of less than 
about 50 tons loaded weight at sea, or 100 tons in sheltered 


* Fully submerged, fully cavitating, foils should not fly at a draught less than 
that equal to the chord width or unstable flow tends to result with lift varia- 
tions of up to 30 per cent. 
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Diagrammatic layout of a Gyro-accelerometer Control System 
for fully submerged foils. 


condtions, but ships exceeding 250 tons are likely to have this 
type of control almost exclusively if they are intended for sea 
voyages, at least that is the Author’s forecast. 


FEELER ARM CONTROL 


This system is much cheaper than electronic controls, but 
the arms usually project well forward of the vessel’s bow, and 
because of this and their necessary rather light construction 
they are generally considered to be liable to damage. 

Unlike electronic controls, they do not control directional 
stability and can, in certain cases, be detrimental to it, but if 
properly designed need give no worry on that account. 

One version of this type of control originated from the 
Grunberg arrangement, the first step being to fit a damping 
foil aft to prevent sudden bow-down trim changes when wave 
troughs caused the bow float to break clear of the surface. 
Next, the damping foil was made to pay for its drag by 
designing it to give an element of lift, so converting the 
Grunberg arrangement into one similar to that mentioned 
earlier as being used on certain Aquavion vessels, but in this 
case with the main foil carrying only about 75 per cent of the 
vessel’s weight. 

It was then realised that much of the pitching motion of 


the vessel was only an indirect result of the waves, the design 
being such that flying height could only be adjusted, at a 
given speed, by two changes of trim, e.g. to raise the craft it 
was necessary first to trim by the stern in order to increase 
the angle of incidence of the foils and then to pitch back to 
the original trim angle to maintain the newly acquired 
draught. 

The logical thing to do was to change the foil incidence 
independently of hull trim angle and this appeared to be 
simply a matter of a mechanical link from the bow floats to 
the main foil. In practice, the idea was too simple as the mass 
inertia of the hull and linkage system proved to be critical 
factors, and the loss of the rotational inertia effect of the hull 
had to be compensated for by fitting shock absorbers and 
movement rate control dashpots into the system. 

The sequence of events is shown in Fig. 8. 

The arrangement shown in Fig. 8 (e) works as follows: — 

The main bow float has been transformed into a foil and 
is arranged to be extremely lightly loaded, and is adjusted so 
that the flap angle on the midship foils will result in hori- 
zontal flight of the vessel when the bow foil is a few inches 
below keel level, i.e. the vessel will not trim or heave due to 
a wave crest unless the crest rises above this level. 
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Development of feeler arm controls. 


The bow foil is maintained at this height by means of a 
spring loaded fiap so fitted that its lift over the whole opera- 
tional range of permitted wave heights for “platforming” 
flight is approximately equal to the designed bow foil load. 
This range is generally in the region of 12 to 15 per cent 
of the vessel’s length. 

If a wave trough falls below the designed minimum level 
the flap breaks clear of the surface, loses its lift, and allows 
the now unsupported bow foil to drop, which gives a reduced 
(or negative) angle of incidence to the midship foil and the 
vessel sinks to a lower level. 

If a particularly big wave is encountered, the bow foil will 
come fully into operation and not only rise, so increasing the 
midship foil’s lift, but will itself provide a considerable trim- 
ming moment tending to raise the vessel’s bow. 

By fitting independent systems port and starboard trans- 
verse stability can be effectively obtained even in a beam sea. 


In order to permit banking during turns, etc., a manual 
over-ride system is built into the mechanism, and in particu- 
larly bad conditions the angle of incidence of the bow foils 
can be adjusted so as to reduce shock loads within the system 
at the expense of permitting the hull to contact major wave 
crests, 

An alternative system retains the bow floats of the original 
Grunberg arrangement, but fits an additional sprung hinge 
in the feeler arm which fills a similar role to the spring flap 
in the arrangement just described. 

As these arrangements are such that the main characteristic 
is that the height sensor gives non-linear inputs to one of the 
foils only and does so via damped spring connections, it is 
obvious that resonance conditions are possible, but that any 
attempt at accurate calculation is liable to frustration as the 
wave surfaces are predictable in only a very general way. A 
slightly approximate solution has, however, been derived by 
Pringiers (Ref. 2), which shows that, for the particular design 
considered, the effect of orbital velocity of the water within 
the wave is such that adjustment of the ratio between changes 
in feeler arm angle and midship foil flap angle will be required 
with changes in the course of the vessel relative to the pre- 
dominant wave motions. In Fig. 8 (e) this is achieved by 
means of the sliding sleeve on the feeler arm. 

A third type of feeler arm control relies on the drag effect 
of slightly curved hinged dipsticks actuating flaps on the 
forward foils in an aeroplane arrangement. The non-lineal 
response of these arms is obtained by varying their sectional 
shape over their length. 


CONTROL THROUGH INHERENT STABILITY FACTORS 


A. General Considerations 


While a hydrofoil craft is at rest or is moving only slowly 
through the water, normal hydrostatic considerations apply 
and the hull form design has to take this into account as 
freeboard, subdivision and similar legal requirements are, in 
general, based on the vessel being assumed afloat. 

As speed increases, the hull is subjected to forces similar to 
those of planing craft and as speed increases still further the 
hull lifts clear of the water and hydrodynamic factors alone 
are responsible for stable equilibrium, or lack of it. 

As the weight of a hydrofoil craft is critical, fuel and water 
supplies are kept to a minimum, and flume tanks or similar 
internal arrangements are, therefore, ruled out with the result 
that all stabilising forces other than those due to inertia must 
be applied through the foils, through the propellers (if fitted), 
or through trapped air if the vessel is of the mixed hydrofoil / 
A.C.V. type. Air cushion effects are not being included in this 
paper. 

To obtain full stability, the forces acting on the foils must 
vary with changes in draught, trim, heel and velocity of the 
craft, Both heel and draught changes will react on the foils 
as changes in immersion of the whole or part of the foil, so 
that, so far as the foils are concerned the three factors to be 
considered are draught, angle of incidence and velocity. 

The effect of changes of immersion on the lift coefficient 
of the foils is negligible for depths that exceed 1:5 x chord 
width of the foil, but for shallower depths the lift coefficient 
of fully submerged, non-cavitating foils should be multiplied 
by the empirical factor F, where: — 

1-5 x chord width—immersion depth \* 
F< 1-0-0222 ) 


chord width 


Where the foils pierce the surface, air will flow into the 
suction area above the foil and lift will fall to zero at the 
surface of the water or a little below—the fitting of efficient 
anti-aeration fences will greatly reduce this effect. 

Cavitation can cause sudden fluctuations of lift irrespective 
of draught, Fig. 9 showing typical loss of lift values as cavita- 
tion becomes established. 

Where aeration cannot be eliminated, lift fluctuations may 
be reduced by designing foils that ensure the maintenance of 
full aeration at all cruising speeds (see Fig. 10 (b)). 
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Typical curve of C against velocity to illustrate the 
“lift break” as cavitation becomes established. 


The lift coefficient for most commercial foil types tends to 
rise more or less linearly until stalling takes place, at which 
point lift falls back almost to zero, but, in normal types of 
craft, trim and pitching angles are such as can be covered 
by the range of operating angles of incidence for properly 
designed foils. 

Velocity has two components, both of which are important. 
Other factors being equal, an increase in speed will give 
increased lift until cavitation occurs on the upper surface of 
the foils, and in extreme cases on the lower surface also. 
Unfortunately, this often tends to occur at the most incon- 
venient speed of about 35 to 40 knots—which is just the point 
at which current sizes of boat are becoming competitive with 
speed boats and other fast vessels. 

If the foil is designed to give constant lift over its whole 
length, cavitation is liable to take place over the whole length 
almost simultaneously causing the vessel to crash back into 
the water. Considerable research has, and still is, being under- 
taken to combat this problem, and some proposals are as 
follows : — 

Attempts have been made to design efficient arrow or 
triangle-shaped foils, the cross sectional outline of which is 
such that they are most heavily loaded at their tips. Cavitation 


is thus induced at the tips first and spreads gradually in 
towards the struts as speed increases (see Fig. 10 (a)). 
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Submerged foils designed to control the spread of 
cavitation as speed of ship increases. 
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Fic. 10 (b) 
Surface piercing foils designed to ensure aeration at 
cruising speed of ship. 


Another alternative which is being tried out by many 
designers is to permit (or force) air to bleed into the low 
pressure area before cavitation would occur naturally. A 
gradual increase in air supply gives a gradual decrease in lift 
coefficient and again provides a smooth transition from 
streamline to cavitating flow. 

A third suggestion is to induce a breakdown of flow by 
means of flaps on the upper and lower surfaces of the foil 
(see Fig. 11). 
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Cavitation control by means of flaps. 


The second component of velocity is direction. As long as 
this is constant, no problems are presented but a change in 
direction should induce a righting moment on the hull—this 
will be covered in more detail under “Steering”. In addition, 
centrifugal force due to turning will cause sideslipping which 
will change the lift of the foils and it will, probably, also 
cause heel which again will effect lift, etc. 


B. Trim and Heave 


For stable equilibrium in trim and heave, two conditions 
have to be fulfilled : — 


(a) a reduction in draught must result in a reduction in lift, 
and 
(b) a change in trim must cause a righting moment. 

For preference, each change should be such as not to affect 
the other, but in practice this is seldom possible, and there 
is One important exception, which is that during the period 
of takeoff, when the hull is not clear of the water, a reduction 
in draught should cause a trim by the stern. 

In the craft in Fig. 2, it can be seen that a reduction in 
draught of the main foil will make the vessel trim bow down. 
This will decrease the angle of incidence of the main foil, so 
lift will decrease and the vessel will sink until equilibrium is 
restored. An increase in draught will reverse the process. 


The effect can be incremented by fitting a hoop or ladder 
as the main foil, as in these cases the submerged foil area, as 
well as the angle of incidence, will decrease with decreased 
draught. 

As pitching can only occur by changes of draught of the 
main foil, or by the bow float lifting clear from the water 
surface (which is also a self-righting condition), the same 
arguments as the above will show the vessel to be stable in 
this mode also. 

Where a float is not used, the theory is more involved. 
Fig. 12 (b) shows several possible combinations of foil types. 
Only a balanced arrangement is used, but similar arguments 
will apply to the Canard and Aeroplane arrangements as to 
the balanced one, Fully submerged foils are assumed to be 
well below the surface in all cases. 

In general, ladder foils and hoop foils act in a similar way 
to each other, the disadvantage of ladder foils being that they 
have low aspect ratio and suffer from cascade effects. Hoop 
foils are more liable to suffer from air bleeding into the low 
pressure area above the foils, and this is only partly offset 
by the fitting of fences on the foils and struts. As yet, no full 
agreement has been reached on which system will prove best, 
but the Author feels that ladders are “on the way out’, so 
has drawn his figure with hoop foils. 

It can be seen from these diagrams that, for inherently 
stable equilibrium with fixed incidence foils, the forward foil 
must be of the hoop (or ladder) type, but the after foil may 
be fully submerged if prefered. 

As stated earlier, the arguments for Canard and Aeroplane 
arrangements are similar to those for a balanced arrangement, 
but there is one point that has to be watched; this will now 
be discussed. 

In the Canard and Aeroplane arrangements, foil size does 
not greatly affect the results due to pitching, except that the 
balance of hull rotational inertia forces and righting moments 
due to small foils can leave little in reserve in extreme cases, 
but where heaving is under consideration, the use of a very 
small foil aft can be detrimental to the extent of almost, or 
completely, cancelling out anticipated results, the mechanism 
being as follows: — 

Taking an extreme case for simplicity, consider an Aero- 
plane foil arrangement with the after foil carrying only 10 
per cent of the total load under normal cruising conditions. 
Assume also that the foils are of the hoop type, V form and 
so designed that both have the same chord length, the same 
lift coefficient at deep draughts and large aspect ratio, the 
same dihedral, and that both are fitted with efficient fences 
io prevent the ingress of air. 

Taking account of surface effects we will get a balance for 
cruising conditions with the foils submerged as shown in 
Fig. 13. (There will, of course, be other combinations of 
draught depending on the vessel’s weight, but the one shown 
will do.) 

Now assume that, due to heaving effects, the draught at 
both foils increases by 2C. The increase in lift at both foils 
will be exactly equal, but the lever of the after foil about the 
L.C.G. of the vessel is nine times that of the main foil, so that 
change in draught will result in a change of trim, the vessel 
will, in fact, trim by the head. This trim by the head will 
reduce the angle of incidence of both foils, and if the trim is 
large enough it will cancel the effect of increased submerged 
foil area, and if the change of draught is large for a vessel 
with closely spaced foils, the effect could be to cause negative 
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Note.—The effects shown in the right hand section of this figure ignore the effect on lift due to changes in angles of 


incidence. Where foils are closely spaced and trim changes are large, the resulting change in angles of incidence 
can be significant, especially with fully submerged foils. 
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angle of incidence on the foils and the hull will be a crash- 
back onto the surface of the sea. 

In practice, however, this would not occur as the vessel 
would never take off in the first place, because the foil sizes 
would have to give balance at slow speeds, and as speed 
increased and the vessel lifted it would take on an increasing 
trim by the stern until the foils stalled and a crash resulted 
from this cause! 

The way to overcome this problem is to vary the foil 
widths, dihedral angles or lift coefficient along their lengths, 
so that changes in draught result in changes in lift propor- 
tionate to the original value for each foil instead of being 
absolutely equal. 

A typical example is shown in Fig. 14. 
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In the case of Canard arrangements, this effect is advan- 
tageous, the extreme case being the Grunberg arrangement, 
but the pure Grunberg is very uncomfortable in a seaway 
due to its extreme sensitivity and is, therefore, not used 
unless a damping mechanism of some sort is incorporated in 
the design. 
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Another factor which can, and usually does, affect results 
is the orbital motion of the water in the waves. This does 
three things: — 

(a) It alters the effective angle of incidence of the foils 

Operating on the forward or rear slopes of waves, 

(b) it alters the relative speed of the foils to the water at the 
crest and trough of waves, and 

(c) due to pressure changes it affects the cavitation pattern 
of cavitating foils. 

The difference in velocity of water particles at the trough 
and crest of any given wave can be expressed as:— 


PU GIP Gewese 27h 
(c ) ft. per sec. 


Ss » 
where V,. -V, is the velocity difference of the water 
particles. 
C is the wave velocity in ft. per sec. 
h is the wave amplitude in ft. (i.e. half 
wave height). 
>» is the wave length in ft. 
a & e are the usual constant values. 


re 


ae 


Consider a wave length of 100 ft. and height of 6 ft. 
C=2:'26 \/r=22°6 ft. per sec. 
h=0°5 x 6:0=3:0 ft. 
2 226)%13-0 we pau 
V. = phe Bile PD (« 100 +e  ) 

160 
V.-V,=8: 672 ft. per sec. 
Now consider a typical tourist ferry type of hydrofoil craft, 
with foils spaced 70 ft. apart, travelling at 30 knots on a 
course with the waves at 45° abaft the beam. It can be seen 
that when the forward foil is in a trough, the after foil will be 
at a wave crest and the water speeds relative to the foils will 
then be as shown in Fig. 15. 


Wave trough _ 


Wave travel 
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Relative water particle velocities. 


As lift varies as the square of velocity it means that, due 
to velocity effects above, there will be a loss of lift on the 
after foil of, very roughly, 13 per cent and an increase on 
the forward foil of about 10 per cent. This is helpful, but is 
likely to be outweighed in this case by changes in the effective 
angle of incidence of the foils due to trim resulting from the 
after foil’s water level being 6 ft. above that of the forward 
foil. The full value of 5° resulting from water level changes 
above will be decreased due to lift changes and the Wagner 


effect, and will probably be about 24° or 3° in practice, but 
even this could result in a 40 per cent loss in lift, i.e. almost 
four times the benefit from velocity effects. This is serious 
and many modern fixed foil craft are severly limited as to the 
heights of following seas with which they can cope effectively. 

Finally, the design of stern gear can affect the results. With 
a direct drive to a propeller via an inclined shaft, there is a 
considerable vertical component of propeller thrust. This will 
reach a maximum at take off speed in most cases and, if 
a balance of lift is achieved at cruising speed, can result in 
a trim by the head at take off, which is the very moment 
when it is least desired. If, however, there is an engine break- 
down or emergency stop, the loss of “lift” from the propeller 
will allow the stern to drop, stall the foils and the vessel will 
fall back into the sea quickly and stern first—a very desirable 
feature from safety considerations. 


C. Roll and Heel 


A number of different phenomena are used to control roll 
and heel in hydrofoil vessels. 

River craft often make use of the surface proximity effect 
(see Figs. 12 (a) and 16), but this is small and can normally 
be used only when the vessel is running at its full cruising 
speeed. 


Small loss of lift due to surface Small loss of lift due to surface 


No lift due to air 
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Surface effects. 


For low speeds, e.g. when taking off, it is necessary to rely 
on subsidiary stabilisers such as those fitted to the majority 
of Russian vessels. Another drawback is that if the foil is 
close enough to the surface to be effective for small angles 
of heel, it is almost certain to break surface, at the up-hill 
end, at large angles of heel or if draught decreases in wave 
troughs (see Fig. 16 (b)), and the resulting entry of air so 
reduces lift that a rather violent reverse roll and sometimes a 
crash return to the hull borne mode results. 

Fully submerged foils can be given some dihedral and then, 
as the vessel heels, the vertical lift component will increase on 
the “downhill” side and decrease on the “‘up-hill” side. 

Fig. 17 shows a vessel heeled through 9°. In this example, 
“LIFT” is the total force perpendicular to the foils (including 
both sides of the ship), and the righting moments are: — 


LIFT xl, xsine cos @ 
and LIFT x/, cos sin @ 
and the capsizing moments are: — 
LIFT x /, sin@ cos @ cos & 
and $ LIFT x/, sin(a —9@) 


my 
0 


Water line 


Leg reaction lift / 


4 life x cos(a +0) —g-¢——___ 
cosasino | 4 


| 
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Stability of fully submerged foils. 


These formule occur because, for steady course conditions, 
the horizontal reaction of the foil legs will equal the hori- 
zontal component of lift and the craft’s weight is fully sup- 
ported by the vertical lift components. It can be seen that 
stability is dependent on the height /, not exceeding some 
critical value. In this case the steady course will not coincide 
with the centre line of the vessel, some side slip being implicit 
in a transverse leg reaction. When the craft is turning there 
will be an additional capsizing moment of 

“centrifugal force” x (/, cos @—1,). 

When the foils are of the surface-piercing hoop type, a very 
similar situation occurs, but is exaggerated by the large 
transfer of lift from one side of the vessel to the other due 
to the foils emerging on one side and being submerged on 
the other. 

Assuming no legs below water level, there is a simple way 
of checking stability with this design, which is to draw per- 
pendiculars from the centres of lift of the newly submerged 
and emerged portions of the foil. If the intersection of these 
two lines occurs above the V.C.G. of the vessel, then stability 
is positive, if below then the vessel is unstable (see Fig. 18). 
ys 


Fic. 18 
“Metacentric” height with dihedral. 


Contrary to the case with fully submerged foils anhedral 
also gives stability with surface piercing foils (see Fig. 19), 
this is very useful as it allows the legs of hoop type foils to 
earn their keep, or in extreme cases the foils are knuckled 
back on themselves and become self-supporting—the Canadian 
de Haviland design is a good example of this. 


— 


Fic. 19 
“Metacentric” height with anhedral. 


Note.—Due to the direction in which the forces act, positive 
stability occurs when M is below CG. 


The fact that hoop type foils are of the surface piercing 
type means that there are no sudden changes of lift due to 
air entrainment such as can occur on fully submerged foils, 
but harmonic variations have given considerable trouble from 
time to time. 

If the foil, when viewed from ahead, is an arc of a circle, 
then the metacentre (as one might call it) will not change with 
angle of heel and the restoring moment acting on the vessel 
will be LIFT x GM sin @. If the vessel is proceeding on a 
steady course no side force will be exerted due to heeling in 
this particular case, but if the vessel is turning then centri- 
fugal force will commence to act and will cause side slip 
which will, in turn, alter the flow pattern over the foils 
increasing lift on the outer end and decreasing it on the inner 
end of the foil (outer and inner being relative to the centre 
of the turning circle), but struts with anhedral will be affected 
in the opposite way. 

A correct choice of dihedral angle will provide sufficient 
righting moment due to the above effect to cancel the outward 
roll due to the centrifugal force acting through the V.C.G. of 
the vessel, and it is possible to arrange for hydrofoil craft to 
heel inwards on a turn—which is advantageous for passenger 
comfort. In practice, however, few hydrofoil vessels use a 
balanced foil arrangement or foils that are true arcs so that 
over a range of draughts, trims and angles of heel the value 
of KM will vary considerably and will have to be plotted on 
the hydrodynamic curve sheet. 


D. Steering 

An ideal steering system will combine directional stability 
in a seaway, and a small turning circle with zero drag. This 
is impossible in practice. 

Dealing with turning circle first, a normal ship presents a 
large lateral area to the sea, so that, when turning, side-slip 
is small and so, therefore, is its effect on the ship’s turning 
circle radius, but in hydrofoil vessels, the only way to prevent 
sideslip is to fit vertical struts, keels, fins or other apendages, 
or else to use transverse water jets or propellers. These all 
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increase hull weight and drag (water jets need underwater 
inlets) and are therefore unpopular. The use of bow rudders 
has some advantages, especially with a Canard arrangement, 
but in general it has been necessary to compromise with turn- 
ing circles, and it is common to find the diameter of such a 
circle to be as much as 12 times the vessel’s length at 35 
knots, if a full circle is made. Due to factors which will be 
covered more fully later, it is seldom possible to use full 
helm, the vessel being on its new course too quickly, so in 
practice the true turning circle can be very large indeed. It 
is understood that one design of craft with stops set at 25° 
never, in fact, uses more than 5° of helm at full speed in 
service. 

Stable longitudinal equilibrium is achieved in aircraft by 
fitting a large tail fin. This is effective because the air through 
which the plane passes is generally all moving at a constant 
speed but a hydrofoil in waves has to contend with very 
different conditions. Reverting to the example quoted earlier 
(see Fig. 15), as the forward foil is in a wave trough and the 
after foil on a crest, we get a clockwise moment causing yaw. 
About 3} seconds later the bow foil will be on a crest and 
the stern foil in the trough, the yaw moment will then be 
anti-clockwise. 

If the lateral areas of the foils and struts are made large 
to give stability in calm water and minimum turning circle, 
then the yaw moments in waves will be large relative to the 
mass inertia of the vessel and the vessel in the example would 
yaw through an angle of as much as 13°, port and starboard. 
By reducing the lateral areas this can be reduced to, perhaps, 
3° or 5°, but is still quite noticeable. 

For reasons of transverse stability, there is a temptation to 
make the whole of the reduction of area on one foil only, 
usually the after one, but this can be fatal because when 
making a turn the centrifugal force acts through the L.C.G. 
of the vessel, and if the lateral resistance of the vessel is con- 
centrated in the region of the forward foil, a considerable 
moment will result tending to swing the stern out and so 
reduce the turning circle. This can only be corrected by apply- 
ing reverse rudder angle. 

In one proposal seen by the Author, the data submitted 
indicated that an initial rudder angle of 7° held while the 
vessel made a 180° turn would produce, at that point, an 
instantaneous turning circle diameter of only 263 ft., which 
for that vessel was equivalent to a rudder angle of 224° with- 
out slip. The vessel would, in fact, have spun out of control 
like a car in a back wheel skid. 

The Author considers that the balance of forward and after 
foil lateral areas should be such that no reverse helm should 
be required to bring any vessel back onto a straight course 
after making a 180° turn at its cruising speed with full 
cruising speed helm angle, and in no case at all should the 
slip be in excess of a value that would give a turning circle 
equivalent to a “no-slip” helm angle one and a half times the 
actual helm angle. 


E. Damaged Stability 

Due to the high speed and light scantlings of these vessels, 
they are liable to suffer rather badly in the event of a collision 
with large items of drift wood, etc., and it is not uncommon 
for more than one compartment to be opened to the sea. The 
Author understands that most Governments recognise this 
danger and require that hydrofoil passenger ferries be fitted 
with built-in buoyancy so that stability is maintained with all 


compartments flooded, and that in this condition the margin 
line is not submerged. 

The Author feels that, for larger vessels of this type, such 
strict requirements may not be necessary and may be reduced 
to, say, a three-compartment standard for ships exceeding 
150 ft. in length. Also, due to the unusual design of many 
hydrofoil craft, permiabilities should be used which are true 
values for the vessel at the displacement under consideration, 
i.e. an initial light draught with high permeability may be a 
worse condition than load draught and low permeability. 

Incidentally, the maximum displacement of a hydrofoil is 
often determined solely by the cavitation characteristics of 
the propellers. Above a certain displacement, the vessel's 
resistance is too great to permit it to take off. The Author 
feels that a hydrofoil vessel should not be loaded beyond this 
point, except in an emergency and that maximum take off 
weight should, therefore, be taken into account when com- 
puting freeboards. 

Comment on the above points from colleagues in the Free- 
board department, and elsewhere, will be appreciated. 


PART 3—SCANTLINGS 


Weight is so critical in hydrofoil vessels that considerable 
expense can be incurred to keep scantlings to a minimum. 
With this end in view, hulls are usually made of aluminium 
alloy, or of aluminium with G.R.P. superstructures, and foils, 
etc., of high tensile steel, titanium alloys or specially alloyed 
bronzes. 

In order to eliminate. the need for corrosion allowances, 
special care is taken in selecting the particular material speci- 
fications and ensuring adequate insulation between dissimilar 
metals, and many vessels are surveyed at intervals of only 
three or six months in order, again, that factors of safety 
may be kept to a minimum. 

Data so far available indicates that speed is of greater 
importance than size for vessels of 109 tons or less, the highest 
stresses occurring in the shell, framing, decks, foils and steer- 
ing gear when the vessel is at cruising speed in waves, in the 
majority of cases, but occasionally the bottom structure has 
to be designed for take off rather than for cruising speed 
conditions. 

Bulkheads should be designed for the case in which the 
vessel is stopped in a seaway with the compartment on one 
side of the bulkhead flooded to the top of the bulkhead, which 
may be some considerable way above the margin line. This 
is to allow for a compartment filling, by wave action, through 
an opening in the deck head. 

The reason for assuming waves in all cases is that dynamic 
forces are important due to: — 

(a) The fact that, while the vessel is platforming, it is possible 
for short steep waves to fully submerge the foils and 
rudder for short periods. 


(b) 
(c) 


Impact loads from wave crests can have high values. 
Inertial forces of the vessel can be large if the vessel 
contours waves instead of platforming through them. 

Due to the elasticity of the structure and of the sea, the 
impact loads are not instantaneously effective, but build up 
over a short interval and measurements taken on planing craft 
indicate that local accelerations of up to 44 g are possible, 
reaching a maximum within about ‘005 of a second. 

Fig. 20 gives typical values. 


0) 
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Typical local wave impact accelerations. 


In addition to these very localised effects, the craft as a 
whole is subject to considerable accelerations. Crewe (in 
Ref. 1) quotes tank test results that gave vertical acceleration 
values of 8 g at the bow, 3 g at the L.C.G. and 4 g aft on 
one vessel with which he was concerned, but data from actual 
vessels in service is hard to come by. The highest value known 
to this Author to have been measured on an actual vessel is 
only 34 g; this was on a craft where 4 g was theoretically 
possible, so theoretical values should not be discarded too 
lightly. Because of the way that the forces are impressed on 
the vessel, it is unlikely in the extreme that the maximum 
impact and mass acceleration loads will act simultaneously so 
the Author feels that they can be considered separately. 

Impact loads are usually critical for the bottom structure 
and bending moments determine the deck scantlings so they 
will be dealt with in that order. 


Loca STRENGTH CRITERIA 


The usual method employed is to assume some basic pres- 
sure to determine plating thickness and to multiply this by 
factors to allow for the position of the panel in the hull. 

This basic pressure is also multiplied by some other arbi- 
trary factor, e.g. 0°63, for frame calculations and by another, 
lower one, e.g. 0°50 for girders, the argument being that 
impact loads are very local and mean pressures fall as the 
area under consideration increases. 

This has the disadvantage that it takes no account of abso- 
lute panel size if it differs from that assumed in deriving the 
constants. 

Another difficulty is that different designers use widely 
differing values of basic pressure; the Author has seen maxi- 
mum values quoted as low as 7 lb./in.*, and as high as 
36 lb./in.2, but as these are associated with differing factors 
of safety the results are not as divergent as the input data 
implies. 

As the open use of an arbitrary factor of safety is liable to 
make a designer forget that hidden factors are often incor- 
porated elsewhere in the various stress and pressure formule, 
the Author feels that it would be better to use actual meas- 
ured values where possible (or theoretical one as a second 
choice) standing on their own with the factor of safety 
reserved for incorporation in a single constant. Unfortunately, 
this is not always practicable, but where it is it has been done 
in the following work, and in pursuance of this policy it is 
proposed to use an allowable stress of 0°2 per cent proof in 


conjunction with the maximum loading likely to occur. A 
typical pressure distribution over a flat plate planing in calm 
water is of the form shown in Fig. 21. 


Water surface 


Spray root 
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Typical pressure distribution for a flat planing surface. 


If V is in knots and the water is assumed to be average sea 
water, the maximum pressure becomes P=:0196V?, i.e. 
P~:02V?. 

Savitsky (in Ref. 4) showed that lift pressure decreased with 
rise of floor and Heller and Jasper (in Ref. 3) showed that 
maximum pressures on the bottom of torpedo boats travelling 
in waves at 28-35 knots reached 34 lb./in.2 about 2 L from 
the stern decreasing to half this value forward and one quarter 
aft. This agrees well with the values assumed by Crewe 
(Ref. 1) for hydrofoil vessels of similar size. 

These values are, at their maximum, about twice the maxi- 
mum still water prediction, which is what one would expect 
from impact loads. Hydrofoil vessels will, of course, only 
suffer such impacts at their full value when taking off or 
landing, but as the hull lifts out of the water the area of 
impact will move aft to the transom so that the full effect of 
the decrease aft should not be given at these speeds. 


Working backwards from a number of successful vessels, 
a good correlation is obtained by assuming a factor of safety 
of 14 while using the take off speed as a basis. This gives a 
bottom pressure of P j,4;;.,=0°0533V", cos @. 


where Vis the take off speed in knots. 


Q is the rise of floor angle at the point in question 
(but @< 40°). 


For the side shell, this will be a constant value which can 
be rounded off as:— 


Ps uiny= 0°035V ie 


When fully foilborne, the only pressure will be the local 
impact of wave crests and, due to the lack of surrounding 
water, their energy will remain largely kinetic so pressures 
will be lower. 

It is considered that decreases can be allowed in this case 
for the longitudinal position of impact on the ship as well as 
for rise of floor. 

Experimental results indicate that for large vessels with a 
high clearance, it is possible to depart from using Velocity? 
as a basis and use velocity directly instead (see Ref. 6 and 7). 

Unfortunately, the results measured by different investiga- 
tors have tended to vary rather widely, but there is some 
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reason for assuming that the impact pressure (P,) on the 
bottom of large fast hydrofoil vessels can be given by: — 


KG A fh, Vos @ 
Nae 
an empirical constant. 
a measure of the rigidity of the vessel. 
the displacement (Weight) of the vessel. 
the wave height from trough to crest. 
the vessel’s speed in knots. 
the rise of floor angle of the vessel's bottom. 
the flying height of the vessel in still water. 
the wave length from crest to crest. 


P= 


where K 
Gi 


ot 

V is 

Q is 

(ais 

Ly is 

This formula would only give reasonable results, so far as 

the Author has been able to check it, for vessels with speeds 

that necessitate supercavitating foils and clearances that 

necessitate auto-stabilisation and fully submerged foils which 

rules out 99 per cent of existing vessels. Bearing these facts 

in mind, the following formule are proposed for vessels up 
to 100 ft. long with speeds up to 40 knots: — 


(a) Maximum normal bottom impact pressure 
P,,=0:02V.2 cos 0 
where V.=cruising speed of the vessel in knots. 
0 =rise of floor angle ( 0 < 40°) for the panel under 
consideration. 
(b) Bottom shell plating pressure 
P,, =P,, (0°60+1°38 K—1:08K3) 
where P,, is derived as above. 
_ (distance of the point under consideration from stern) 


length of vessel 


Where a vessel is fitted with one step (the depth of which 
is not less than 1/50 of the beam at that point) the values 
of P, aft of the step need not exceed 70 per cent of the 
value of P,, at the step. Where more than one step is fitted 
the values abaft each step need not exceed 80 per cent of 
the value of P,, at that step. Where steps are less than 1/50 
of the vessel’s beam in height, the percentage reduction is to 
be reduced in proportion, but P, is not to be less than 
0:0533V,,2 cos 0 corrected, as above, for the effect of steps 
where V,, is the take off speed of the vessel in knots, nor is 
P,, to be less than 2°25 x pressure head of sea water from 
the lower edge of the panel to the bulkhead deck nor less 
than 6 lb./in.?. 


(c) Side shell plating 

P, =0:4 P; 
but not less than 0°035V,* nor less than 2°25 x pressure 
head of sea water to the subdivision deck in |b./in.* from the 


lower edge of the panel under consideration, nor less than 
6 |b. /in.?. 
(d) Deck plating pressure 

For weather decks, P, =6 Ib./in.*, and for internal decks 
P,, =44 lb./in.*, but where the deck forms the top of a tank 
P,, is not to be less than 2°25 x pressure head of sea water 
in lb./in.2 from the deck to the top of the tank overflow pipe 
or bulkhead deck, whichever be the higher. 


(e) W.T. Bulkhead plating pressures (excluding tank bulkheads) 
P,.=1-81 x pressure head of sea water in Ib./in.*, from 
the top of the bulkhead (or from the bulkhead deck if that 


be higher) to the lower edge of the panel of plating under 
consideration, but not less than 44 lb./in.2. (The constant of 
1:81 having been chosen for use with the thickness formula 
to give values equivalent to those in the ordinary ship rules.) 


(f) Tank bulkhead pressure 


P,, =2°25 x pressure head of sea water in |b./in.* to the 
top of the overflow or to the bulkhead deck, whichever be 
the higher, but not less than 44 Ib./in.’. 


(g) Minimum plating thickness for shell, decks and bulkheads 
can then be obtained from the following formula (which 
allows credit for some membrane stress) : — 


=> 5-29, fF 


where a=panel length in inches, either fore and aft or 


transversely 
b=panel width in inches 


f=0°'2 per cent proof stress of plating material in 
tons/in.2 


P=mean pressure acting on the panel of plating (ie. 
P,, Ps, Pp or Py as the case may be) in Ib./in.?, 
except that in the case of bulkheads with vertical 
stiffeners P may not be less than 75 per cent of the 
maximum pressure on the panel if a < 4b. 


(But see later regarding limiting permanent set.) 


To avoid local damage from stilleto heels, etc., and also in 
order that decks shall not feel soft under foot, it is recom- 
mended that unsheathed decks shall be not less than 0:12 
in. thick (3 mm.) and sheathed decks not less than 0°08 in. 
thick (2 mm.) (sheathing on hydrofoils usually consists of 
plastic or other fairly flexible material). 


Curves drawn for commercially 
flat panels with f = 11-4 tons/in? 
= 4500 tons/in* 
P, = Pounds/in* 


b and t in Inches 
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Approximate pressure/thickness relationship for typical 

marine quality aluminium alloy panels for no permanent 

set (8=0) and for a permanent set of -007b (§=-007b) 
additional to any initial unfairness. 


The final thickness selected for any plate will have to take 
into account such considerations as buckling due to edge 
loading, local stress and load concentrations due to pillars, 
foil brackets, engine seats, etc., and in such cases it is recom- 
mended that a factor of safety of 14 be allowed. 

Another approach is to design on a basis of permanent set 
rather than of stress, and Clarkson (Ref. 5) has given curves 
of maximum surface loadings on long panels of steel plating 
with their long sides fixed. 

These curves are often quoted in hydrofoil literature, but 
have to be used with care as they can be sensitive to changes 
in the initial conditions, especially to changes in initial flat- 
ness of the plating. Hydrofoil plating is seldom perfectly flat. 
the panels are usually comparatively short, the material is 
usually either aluminium or plastic which have no specific 
yield point, and the boundary conditions seldom give 100 per 
cent fixity of two opposite edges. However, approximate 
results can be obtained and Fig. 22 gives curves for one type 
of aluminium alloy with small initial unfairness. 

If the pressure (P,,) is set as before, equal to *533V,2 cos 0 
with corrections for steps, if fitted, and the allowable perma- 
nent set, over and above the initial unfairness is chosen as 
3 =-007b, and a factor of safety of 2 is incorporated to allow 
for initial unfairness and variations in boundary conditions, 
we get a new formula which is: — 


Suse WE 
pan Pe Pa inches 
E 


2690f? 


where E is Youngs modulus in tons/in.” 


min 


f is the 0:2 per cent proof stress in tons/in.* 
b is the panel width in inches. 


P,, is the bottom pressure in Ib./in.? 


Due to other approximations, the constant can be rounded 
off to 2700 without a noticeable decrease in accuracy. This 
formula is useful for checking the thicknesses derived from 
the formula given earlier, and it will normally give values 
slightly below those derived from stress considerations. (It 
should be noted that the use of the constant value of 90 in 
the earlier formula implies some permanent set.) 

Needless to say, the thicker value derived from either 
formula should be used in practice. 

Fatigue is another problem that has to be handled, but has 
not, as yet, shown up as a serious problem in hydrofoil hulls 
so far as the Author is aware (foils, however, are a different 
matter). 

Fatigue limits are given in Ref. 3 and Ref. 8, and the 
Author does not propose to treat the subject more fully here, 
except to give a reminder that the bottom pressures derived 
from the formula given earlier are maxima. Average values 
will only be about one third of these in most cases. 

Hull deflection is a serious snag in many hydrofoil vessels, 
as it makes proper alignment of long propeller shafts almost 
impossible for all conditions of operation, and if G.R.P. is 
used instead of aluminium, it is essential to check deflections 
at every stage as in many cases the hull design will have to 
be based on limiting deflections rather than on stress. 
LONGITUDINAL BENDING MOMENTS 

A full longitudinal bending moment calculation should be 
made for each design with the vessel afloat, and a second 
one with the vessel foilborne. This latter calculation must 
take dynamic forces into account. (The Society’s Computer 


Programme LR.76 Plan R and Plan V can be used for hydro- 
foil vessels when they are afloat and Plan W can be used for 
vessels foilborne, provided care is taken with the input data, 
particularly with regard to dynamic effects in the foilborne 
case.) 

Vessels with fully submerged foils are unlikely to experi- 
ence high accelerations while flying, and it would appear 
satisfactory to assume a value of 1-5g acting at the L.C.G. of 
the vessel. This means that for craft with an aeroplane or 
Canard arrangement of foils, the acceleration at the bow or 
stern respectively will be in the region of 2°75g if the small 
foil is assumed to have no vertical movement. This is likely 
to give higher stresses than assuming that the vessel is heaving 
on a level keel, but should be checked. 

With surface piercing foils, a different situation exists. In 
these cases, the foil design is such as to lift the vessel at take 
off speed. Take off speed is usually about half cruising speed 
but can be less on vessels with fully cavitating foils. 

But other factors being equal, the lift of non-cavitating 
foils will increase as V* (where V is the speed of the vessel) 
so it follows that, if such a vessel meets a wave that fully 
submerges its foils while it is travelling at its cruising speed, 
the lift will be about four times that at take off from which 
we conclude acceleration will equal 3g, at the foil in question. 

If such a boat was to move into head seas of such size that 
the wave length equalled the foil spacing, then an acceleration 
of 3g would occur at the C.G. 

In other circumstances, the value at the C.G. would be less, 
but that at the ends would be more, e.g. if one foil was fully 
submerged while the other came almost clear of the water it 
would be possible to get an acceleration of about 5g or 6g at 
one end of the vessel and —2g, or thereabouts, at the other 
end. The combinations are innumerable, but to use an 
envelope of all accelerations would give a misleading answer, 
so it is proposed that for strength purposes it is sufficient to 
assume the craft to heave, without pitching, with an accelera- 
tion of 3g in association with an allowable stress of 0:2 per 
cent proof (or 3 crippling stress if that be lower). 

As reports to hand indicate that isolated accelerations in 
excess of 0°7g cause strong passenger reactions, those above 
0-4g (if long continued) cause up to 90 per cent sickness and 
values above 0:1 g are regarded by passengers as undesirable, 
the values proposed seem unlikely to be exceeded in practice. 
(The highest acceleration known to the Author to have been 
recorded on a classed vessel was equivalent to 2°85g at the 
forward foil.) 


MODULUS CALCULATIONS 


The modulus of the vessel should be calculated at a number 
of points and plotted over the length of the vessel. Due to 
the very light scantlings used on these vessels there is a ten- 
dency for the plating of large panels in the deck and bottom 
to deflect when subjected to edge loading, thus decreasing 
their efficiency under compression, and it is suggested that 
this can be taken into account by ignoring all such plate 
areas where they are under compression and, simultaneously 
are situated more than 30t from the nearest stiffener, bulk- 
head or equivalent structure (including swedges where the 
plating is swedged) and where t is the plate thickness. 

The above to apply irrespective of whether the stiffeners 
are transverse or longitudinal ones. 

Some considerable difficulty has occurred in attempting to 
combine watertightness of transverse bulkheads with con- 
tinuity of deck and bottom girders. This is because the bulk- 


heads are so thin (sometimes as little as 0°072 in. (15 gauge) 
that welding is not practicable except under highly controlled 
conditions. Because of these troubles at least one major 
designer assumes all girders to be pin jointed at their ends 
and, to permit this, lands them in the centre of fairly large 
“soft” panels of the bulkhead plating. 

These panels are intended to deflect under load and the 
connections of the girder to the plating are intended purely 
to prevent the girder from tripping! Girders in adjacent 
compartments are, in this arrangement, so placed that they 
land on different bulkhead panels. 

Girders of this type cannot be included in the modulus 
calculation, but are effective in acting as stiffeners for the 
adjacent deck and shell panels, and also for use as machinery 
and foil bracket seatings and for distributing pillar loads over 
a number of web frames and to adjacent bulkheads. 

All ones natural instinct rebels against this layout when one 
sees it on a plan but, at the time of writing, the Author is 
not aware of any fractures in the bulkhead plating and only 
time can tell if fatigue cracking will develop in the future. 
The material used was aluminium alloy to a Japanese specifi- 
cation. 


FRAMES, BEAMS, GIRDERS AND BULKHEAD STIFFENERS 


The minimum scantlings of these items may be based on a 
stress of O°2 per cent proof and a pressure Pf where 
Pf=P xR. 

For bottom and side girders and frames R is to be derived 
from Fig. 23. For all other items R=1°0. 
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Panel pressure reduction factor. 


The value of P is that derived for Ps, P,, or P, as applicable 
(see earlier re-plating) but for bottom framing P may be the 
value of P, derived with the vessel foilborne, i.e. ignoring 
the minimum values derived for the craft at take off speed. 

In no case, however, is Pf to be taken as less than 6} 
lb./in.2 for bottom, side or weather deck frames and girders 
nor less than 44 Ib./in.* in any other position. 

Where girders, frames or stiffeners are acting as pillars 
or carrying loads such as foil adjusting equipment, shaft 
brackets, machinery, etc., these extra loads are to be super- 
imposed on the pressure head effects when determining scant- 
lings. Because high revving engines are normally used the 
seatings can be comparatively light so far as strength is con- 
cerned but they should be carried well forward and aft and 
effectively tied into the structure in a transverse direction to 
minimise deflections. 


When beams or bulkhead stiffeners are closely spaced and 
form part of a larger panel with substantial boundaries it is 
sometimes possible to obtain reductions in scantlings by 
making calculations over the whole panel rather than a beam 
space at a time. This is particularly the case where adjacent 
beams are of varying lengths or are fitted parallel to passage- 
way bulkheads. When such reductions are rational is, how- 
ever, a matter of judgment, as is the total credit that can be 
given to a light stiffener on account of stronger adjacent 
structures, in any given situation. Where a design is in the 
form of a definite grillage the stresses can be calculated on 
the Society’s Computer. 

Web frames are usually spaced not more than 4 ft. 6 in. 
apart. They should normally be based on a span from keel 
to chine (or bilge), chine to deck edge or deck edge to longi- 
tudinal bulkhead or pillar line, i.e. longitudinal girders in the 
bottom of the vessel should be assumed to be supported by 
the web frames, but longitudinal deck girders may be assumed 
to support the frames if this is desired, provided the girders 
are effectively supported where they connect to, or pass 
through, transverse bulkheads. When bulkheads are widely 
spaced the intermediate web frames should be increased to 
cover for racking loads on the vessel. Inertias of stiffeners, 
especially of longitudinals in deck and bottom, should be 
checked for crippling under end loads such as when the vessel 
is hogging or sagging. 

Due to the light scantlings and high loading of the plating 
on hydrofoil vessels care should be taken to avoid the use of 
unsymmetrical sections for major strength items unless these 
are well supported against tripping by some structure other 
than the plating to which they are attached. This is because 
any tendency for the stiffeners to trip will be liable to cause 
the plating panels to deflect and reduce their resistance to 
edge loading. 

Because of the desirability of using symmetrical sections 
and because riveted sections for small modulus values are 
inefficient and welding tends to distort the plating one 
designer has specified extruded sections such as that shown 
in Fig. 24. 
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Extruded Section of Combined Plating and Stiffeners. 


Frames and beams are usually spaced 12 in. to 15 in. apart 
but at least one design has 84 in. spacing of 24 in. x 2 in. T 
bar frames. 

Some designs dispense with frames for the bottom and side 
structure and use a grillage of deep thin plates instead, the 
plates being slotted into one another, like old style egg boxes, 
flanged on their upper edges and connected by light angle 
bar to the shell and to each other. 


SUPERSTRUCTURES 


For service in sheltered water the scantlings of superstruc- 
tures can be very light and typical values are 0°056 (17 gauge) 
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to 0°092 (13 gauge) plating stiffened by 24 in. x 14 in. 
swedges at 18 in. centres in one direction and 2 in. x | in. 
riveted angle bar or an equivalent glued “top hat” section at 
18 in. centres at right angles to the swedges with girders and 
web frames each spaced about 8 ft. centres, additional 
strength being provided by ensuring that all plating is made 
with double curvature except where supported by girders or 
bulkheads. While this sounds very light it is, nevertheless, 
considerably stronger than the top of a bus, for instance. 

Where a house top is accessible to passengers it should, 
however, be designed on the basis of a minimum mean pres- 
sure of 6 lb./in.* and 0-2 per cent proof stress. 

A great deal of useful data on design detail and construc- 
tion methods is given in Ref. 8 and elsewhere in the biblio- 
graphy. 


VIBRATION 


Vibration has to be watched for in such light structures but 
this is a very complicated subject, further complicated by the 
variations in loading and water entrainment effect as the 
vessel lifts out of the sea. Ref. 8 gives an introduction to 
some of the problems involved and the matter will not be 
further pursued here. 


ATTACHMENT OF FOILS TO THE HULL 
Methods of attachment fall into three main classes :— 


(i) Those where the foils or struts are riveted or bolted 
directly to the shell. 


(ii) Those hinged or bolted to outriggers which are, in turn, 
riveted to the hull. 


(iii) Those that have their struts or other supports set into 
tubes that pass into, or sometimes right through, the 
hull. The tubes being either transverse or almost vertical. 
(Transverse tubes sometimes move vertically in slots!) 


The advantages of the first type are cheapness, good looks 
and robust construction but they do not lend themselves to 
easy adjustment, they do not permit the foils to retract easily 
for docking or servicing, and experience indicates that they 
tend to cause very extensive damage to the hull if they do 
hit a major piece of driftwood or other debris, and are liable 
to leak due to small stress corrosion fractures. 


The advantages of the second type are: — 

(a) The foils can be made to retract or hinge up out of the 
water for maintenance and to reduce draught and the 
likelihood of damage in harbour. 

Larger foils can be fitted without an increase in the beam 
of the vessel thus giving adequate stability for minimum 
hull weight and minimum hull resistance. 


(b) 


(c) Foil damage is seldom transmitted to the hull—at least 
not directly. 


Their disadvantages are: — 

(a) Liability to damage when coming alongside a quay. 

(b) Difficulty in keeping deflections within acceptable limits 
without such a large structure being required that wind- 
age and spray resistance become unacceptably large. 

(c) Difficulty in combining robust construction with water- 
tightness of the hull (this problem decreases as the size 
of vessel increases). 


The advantages of the third type of attachment are: — 

(a) They provide excellent means of retracting the foils. 

(b) The use of vertical tubes lends itself to the fitting of 
shock absorbers on the foil legs thus giving a much 
smoother ride. 

(c) Transverse tubes permit the angle of incidence of the 

foils to be adjusted very easily when the vessel is being 

run on initial trials, and also permit the use of shock 
absorbers against wave impacts and the effect of small 
pieces of drift wood, etc. 

They are the most robust form of construction for foil 

attachments. 


(d) 


(e) They have a neat appearance. 

Their disadvantages are: — 

(a) They obstruct useful space within the vessel. 

(b) Vertical tubes require a very wide hull if the foils are to 
have sufficient width to give the hull good stability. 

(c) Any collision of the foils with driftwood, sandbanks, etc., 
can be calamitous as the legs tend to severely damage the 
hull if they are not fitted with “fracture points” while if 
they are, and they work, so that the foils snap off short, 
the tendency is for the vessel to sit down hard on the 
sharp, trailing edge of the foils and neatly carve a large 
hole in the bottom aft (see Fig. 25):— 


Driftwood 


Damage here 
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Bottom damage due to struts fracturing. 


This has not occurred on any vessels classed by the Society 
but the Author understands that two unclassed vessels suffered 
rather severe damage of this type last year. 

The actual scantlings required in way of foil connections 
will depend on the foil arrangement and type of connection, 
but where tubes are used many designers have locally 
increased shell thicknesses by 25 per cent and this is con- 
sidered by the Author to be the minimum increase (as one 
design with an increase of oniy 15 per cent in way of the 
forward foil connections is known to be liable to fatigue 
cracking of the shell in this region). 

Closely spaced intermediate web frames and substantial 
longitudinal girders extending over a distance, fore and aft, 
of about half the vessel’s beam, should also be fitted at these 
points. The tubes and associated brackets are often made of 
higher tensile steel in hulls otherwise constructed of alumin- 
jum. 

Where brackets are used with the foils attached, the scant- 
lings have to be based on deflections, the deflections being 
maintained at a level that will not permit more than + 24° 
change of angle of incidence of the foils at full speed in 
ultimate rough water cruising conditions compared with their 
“at rest” position. 


FoILs 


Foil strength can only be calculated efficiently on a com- 
puter unless the foils are of an unusually simple shape and 
construction, and even then tank tests are usually required to 
determine the load pattern and whether or not flutter or 
vibration of some other type is likely to occur within the 
designed speed/load range. 

Account has to be taken of variations in drag and lift over 
the whole operating range of speeds and draughts and also 
for the effect of rolling and for side slip and rudder forces 
while turning. The foils usually vary in sectional shape, 
internal structure (and sometimes in material too) over their 
length so changes in inertia, stress concentration factors and, 
sometimes, Youngs modulus have to be allowed for. Struts, 
fences, flaps and sometimes shaft bracket supports and rudder 
pintles affect the results and as the foils are usually curved or 
knuckled at various points along their length this must be 
taken into consideration and the ordinary formula for straight 
beams do not then apply. Finally, the factor of safety must 
be kept to a minimum or over-large scantlings will so increase 
the drag of these structures that the vessel becomes un- 
economic to run. 

Because of these factors and due to erosion problems 
frequently occurring, a good half of all technical papers on 
these vessels tend to specialise on foils. The subject will not 
be pursued further here. 


STEERING 

Hydrofoil vessels have two operating speeds, one in harbour 
which is usually about 5 to 10 knots and the other when 
flying which can be anything from 30 to 80 knots or more. 
The necessity for manceuvrability results in large rudders 
being fitted (designed for the slow speeds) the majority of the 
area of which lifts above water level when the vessel is flying 
in smooth conditions. But strength requirements demand that 
account be taken of the likelihood that in rough seas the 
rudder will be temporarily submerged in wave crests from 
time to time. 

Two steps have been taken to keep rudder stock torques 
reasonably low. These are: — 
(a) Rudders have been made rather deep and narrow and 
are often of the semi-balanced type. 
The gearing of the steering wheel has been set so that 
one complete turn of the wheel will give only a small 
helm angle—say 5°. The big advantage of this latter idea 
being that by the time the rudder has been put hard 
over the vessel will already be turning, thus reducing 
rudder load. On larger vessels with fully powered steer- 
ing the same effect is achieved by setting a high minimum 
time for the rudder to be put hard over to hard over— 
this being the opposite to the Society’s Rules for ships 
where a maximum time Is set. 


(b) 


The disadvantage of this is that it results in poor manceuvr- 
ability at harbour speeds and the Author suggests therefore 
that an automatic control could be fitted between the main 
engine rey counter (or throttle) and the steering engine so 
that as the vessel’s speed increases the steering engine would 
move more slowly but with increased torque. This could 
easily be arranged with hydraulic steering engines, and would 
have the big advantage that it would set known values to the 
rate at which helm could be applied and a realistic assessment 
of forces could then be made. Waves, of course, would also 


need to be considered but these again have a limiting ratio of 
height to length, so times could be derived for their full effect 
to act on the rudder of a particular vessel. 

Even when torque is reduced to a minimum, bending 
stresses tend to be high, due to the very slim sections used 
to minimise drag and cavitation, and this being so the loads 
have to be calculated rather accurately. 

Laterial forces can only be calculated when the directional 
stability of the vessel is known over the full range of draughts. 
In a vessel with neutral directional stability the maximum 
forces acting on the rudder will be determined purely 
by the mass inertia of the vessel against rotational accelera- 
tion. In other vessels the side slip resistance of the foils must 
be included, and, as in a tight turn the centrifugal acceleration 
can reach 1°6g, these forces can be large. 

In practice the balance between these two criteria will vary 
with draught, and full hydrodynamic data is therefore neces- 
sary if factors of safety are to be kept small. Unfortunately, 
such data is difficult to get being determinable only by tank 
tests in most cases and a large factor of safety is therefore 
required combined with limiting helm angles at high speed. 

It has been found, by working backwards from successful 
craft, with cruising speeds in the sub-cavitating range, that 
rudder stock diameters, for rudders other than spade rudders, 
can be obtained by taking the larger of the two values: — 


d=0:13 ¥/MV,? 
and 
d=0:234/MV,? 
where d=stock diameter (assuming mild steel) in inches. 


M=total projected area of the rudder (in ft.*) multi- 
plied by the distance of the centre of this area 
from the centre line of the rudder stock, but M is 
not to be less than 0°1 x rudder height x rudder 
width’. 

V,.=cruising speed of vessel in knots. 
V,, =take off speed of the vessel in knots, i.e. the speed 
at which the keel just touches the water. 
Where, as is often the case, the stock is tubular and is used 
for engine cooling water inlets or similar purposes, the scant- 
lings should give similar strength to the above. 

Assembly of such small items as rudders of craft of, say, 
70 ft. long is usually complicated by the fact that there is no 
means of access to the interior. It is usual to weld the skin 
into place and then grind the surface smooth but even so all 
welding has to be kept to a minimum if distortion is to be 
avoided and the only practicable way of doing this, so far 
devised is by means of slot welds, and these have had to be 
accepted even although they are banned for rudders of large 
ships. 

Great care has to be taken to ensure high weld quality and 
the slots should be fully machined with well chamfered sides 
and ends, the ends being a semi-circle and not square. 

The Authors feels, however, that electron beam welding 
will soon be sufficiently advanced to enable foils to be welded 
satisfactorily by this method. 

It will be noticed that no more than passing mention has 
been rade of steering gear machinery. This is because it is, 
at present, usually hydraulically powered and there is an 
increasing tendency to use one (or sometimes two, where all 
items are duplicated) system for the whole vessel. One recent 
case had two parallel systems each with two pumps each 


supplying 200 g.p.m. at 3,000 p.s.i. and each system controlled 
steering, foil retraction, flaps, windscreen wipers, main engine 
starting, anchor windlass, bilge pumps and fire pumps! 


INSULATION 


A note on insulation might be appropriate here because 
insulation for both heat and sound are extensively used on 
hydrofoil vessels and this, together with foamed plastic buoy- 
ancy material, can sometimes be taken into account in the 
vessel’s strength calculations if it is of a rigid type and has 
been efficiently bonded to the structure. Such insulation is 
particularly useful in preventing panels of plating from 
deflecting locally and may be regarded as stiffening on large 
panels, part of which would not otherwise be included in the 
modulus calculation. 

The bonding of such insulation should be such that it can 
transmit the loads the insulation is considered to take and 
insulation should only be included, in strength calculations, 
on one side of any bulkhead or other structure as it is essen- 
tial that insulation on the other side, if fitted at all, be easily 
removable so the structure can be inspected at regular inter- 
vals without affecting the insulation that has been incorpor- 
ated into the strength of the vessel. 

Wood or plastic grounds used to support decorative panel- 
ling in passenger and crew spaces can also be regarded as 
effective for the purpose of reducing panel sizes on many 
occasions if efficiently bonded to the vessel. 


EQUIPMENT 


Hydrofoil vessels for restricted service can have compara- 
tively light equipment. 

It has been found that equipment can be based on the 
Society’s yacht Rules as follows: — 


Numeral: 0:7 x yacht numeral. 


Anchors: | anchor of a weight as specified in the Yacht 


Rules for the numeral determined as above. 


2 


1 anchor 3 of the above weight. 


If either anchor is of an approved high holding power type 
then the weight of that anchor can be reduced by 25 per cent 
of the value determined as above. 


ANCHOR CABLE 


The bower anchor should have, permanently attached to it, 
at least 10 metres of chain cable, of the size specified in the 
Yacht Rules, and also a synthetic fibre rope the length of 
which is to be not less than half the total length of chain 
cable specified in the Yacht Rules for anchors each of that 
weight, and of strength not less than 5 per cent in excess of 
the rule breaking strength of the required chain cable. The 
other end of this rope is to be securely attached to the vessel. 

This rope should be of synthetic fibre to eliminate rotting 
and should be made of one of the fibre types that is non- 
buoyant. 

The spare anchor need not be provided with a separate 
cable as the towline can be used for this purpose when 
required. 


TTOWLINE 

A towline should be supplied of the same length as the 
rope section of the anchor cable and of a strength not less 
than 90 per cent of the rule strength of the bower anchor’s 
chain. 


MoorING LINES 


The total length and strength of mooring lines is to be as 
specified in the Society’s Yacht Rules, for Hawsers; but the 
strength need not exceed that of the towline. 

The Author feels that this basis for determining equipment 
will need to be abandoned in the near future and be replaced 
by one based on weight, flying height and the cross sectional 
area of the vessel. This is because increasing flying heights 
are allowing hydrofoil vessels to operate on less and less 
sheltered water and the development of hull shape is leading 
these vessels very quickly away from yacht proportions, 
length being already rather vagely defined at the after end in 
many vessels. 

At present, however, the situation is so fluid that no firm 
decision on exact formule seems called for and the Author 
prefers not to hazard any guesses as to what they will turn 
out to be. 


PART 4 
MACHINERY INSTALLATIONS 


A hydrofoil craft has two modes of operations: foilborne 
and hullborne, both imposing conflicting requirements on the 
propulsive units. 

When a craft is hullborne, it must be capable of moving 
ahead or astern for manceuvring in and out of port. This 
requires a relatively low power unit with reversing capabili- 
ties. For foilborne operation, a high speed unit of large horse- 
power is required. 

In small craft, a single unit may serve the dual purpose 
but in larger craft two separate propulsion systems, one for 
each mode, would be indicated. 

The resistance curve of hydrofoil craft is favourable only 
above a certain speed when the hull has become fully foil- 
borne. Below this speed, the curve has got a “hump” which 
is usually more pronounced than that of a planing craft. 
Many a hydrofoil designer has been so influenced by wishful 
thinking that the hump problems were overlooked, being far 
more interested in hydrodynamics than in engine character- 
istics. With reciprocating internal combustion engines and 


of over revving at high speeds and of over loading in inter- 
mediate speeds. Fig. 26 shows typical curves of required 
and available power of a piston engine and fixed pitch pro- 
peller, together with the two major points of utilisation of the 
engine: (a) mediurn r.p.m. heavy load; (b) maximum r.p.m. 
light load. 


' 
Maximum engine power 


| 
Hump speed 4] 


2 
proiee 
é 
5 ee a 
6 215 
~ Els 
ae 
Y1o 
- . 
ois 
DE 
ox 
a 
Speed 
Fic. 26 


PRIME MOVERS 


The choice of prime movers would appear to be narrowed 
down to either the light-weight diesel or the gas turbine. 
Steam reciprocating engines and steam turbines would not 
be popular due to their high weight and petrol engines 
avoided because of the fire hazard. 


THE LIGHT-WEIGHT DIESEL 

Light-weight diesel engines for hydrofoil craft have been 
used extensively up to date. They can fulfil the need where 
power requirements are within their range and lower speeds 
acceptable. 

They do find special utility for hullborne propulsion, where 
power and speeds are low, and reversing is required. 


The light-weight diesel has the advantage of : — 


fixed pitch propellers, there is a risk that if the curves of 1. Low fuel consumption. 
available and required power were plotted over speed, they 2. Higher efficiency over a greater range of power. 
would come dangerously close to each other in the region of on initial ‘ 
the hump. In an unlucky design, this could result in the Pipiiiciad teonycac mages 
complete failure to lift the hull clear of the water. 4. Power delivered at lower EPA, 
Even if the hump is overcome, the form of the power curve 5. Vast operating experiences in sea atmosphere. 
is far from ideal. In the piston engine, it can result in the risk 6. Constant torque over most of speed range. 
Manufacturer Maybach Napier Fairbanks Napier Daimler 
Deltic Morse Deltic Benz 
Designation MD 872 T18-37K 38A6 3/4T T9-29K MB 870 
Continuous H.P. 2900 2400 2200 1050 2000 
R.P.M. at continuous H.P. 700 1800 1200 1600 1500 
Fuel consumption at continuous 
H.P.—lb/H.P. hr " 0-41 0-42 0-38 0-39 0:37 
Specific weight Ib/H.P. ... 4-6 Eide) 547 9-5 27, 
Specific volume cu. ft./H.P. 0-127 0-25 0-223 0-438 0-24 
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However, the maximum power for these light-weight diesels 
would appear to be approximately 3,000 h.p. The table on 
page 19 shows comparable data for several types of these 
engines. 


THE Gas TURBINE 


Gas turbines for foilborne propulsion make possible large 
hydrofoil craft at high speeds. They develop more power per 
unit space and weight than any other engine. Machinery 
weights are in the order of O°5 Ib. per h.p. and_ specific 
volumes are less than 0-1 cubic foot per h.p. However, at 
present, fuel consumption is high compared with that of diesel 
engines. Large gas turbines above 10,000 h.p. have fuel rates 
around 0°52 I|b./h.p. hr., while non-regenerated turbines 
below 10,000 h.p. generally have a fuel consumption of 
approximately 0°66 lb./h.p. hr. It should be added that, at 
low percentages of full power, the fuel consumption is greatly 
increased. 


The gas turbine has the following advantages: — 


1. Low weight and size. 
2. Simplicity of construction. 
3. Noise produced at high frequencies, therefore more 
easily attenuated than the noise of diesel engines. 
4. Large horsepower sizes available. 
5. Very high torque at low rotational speeds. 
6. Rapid warm-up and acceleration. 
The following table shows comparable data for several 


types of gas turbines: — 


efficiency, is the water propeller, but with this method comes 
the problems of cavitation and supercavitation of the propel- 
ler, heavily loaded gearing, and long vibration inviting shafts 
and usually steep inclination of engines. Alternatively, an 
inboard outboard drive with double conical gears and vertical 
drive shaft could be arranged, a solution which is inherently 
expensive and complicated with additional power losses in 
the gearing. 

The water jet is a feasible proposition and studies indicate 
that this can be used with competitive propulsion efficiency at 
high craft speeds. At low speeds, the efficiency will be poor, 
and the problem of large frictional losses in ducts, and cavita- 
tion in pumps has to be contended with. 

Air screw propellers are efficient at rather high speeds, 
however, air propellers are not suitable for high powers be- 
cause of the very large diameters required. Even the use of 
shrouds does not permit propellers small enough to be accept- 
able on deck. 

The electrical and hydraulic transmissions would appear 
ideal, but for the major drawback of weight and low effi- 
ciency. 


WATER SCREW PROPELLER 


There are two major design conditions for the hydrofoil 
craft, “take off” and maximum cruising speed. These condi- 
tions impose on the water screw a compromise of developing 
sufficient propeller thrust at take off and still develop efficient 
thrust at full foil speed. These circumstances would naturally 


Manufacturer Bristol Pratt & Bristol Pratt & Solar Lycoming 
Whitney Whitney 
Designation Olympus FI3C Proteus PI t2 Saturn 155 
MK 1270 10mv 

Continuous H.P. 17200 15000 3100 3200 1020 1500 
R.P.M. at continuous H.P. ... 5700 4500 5000 8000 6000 3600 
Fuel consumption at continu- 

ous H.P. Ib/H.P. hr 0:55 0-55 0:68 0-78 0:63 0-74 
Specific weight Ib/H.P. 0-61 0-60 1-03 0-32 0:93 0-80 
Specific volume cu. ft./H.P. ... 0-114 0-082 0-030 0-021 0-075 0-021 


Fuel consumption, power output and life in gas turbines are 
all inter-related, minimum fuel consumption occurs at 
approximately maximum load and maximum revolutions. 

The greatest adversity of the gas turbine is working in a 
marine environment. The sea atmosphere may cause a power 
loss of several per cent in an hour under adverse conditions, 
this will be enlarged upon later in the paper. 


PROPULSION 

The conversion of the prime mover to thrust can be accom- 
plished by a variety of methods: water propellers, water jets, 
or air screw propellers. The first preference, because of its 
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indicate a controllable pitch propeller. Their inherent draw- 
back, however, would be that of large propeller bosses, 
acceptable with a right angle drive. This would create a 
major problem with inclined shafting and the actuating con- 
trol rods in the long lengths of shafting. This and the lack 
of information on performance and data on supercavitation 
on these types of propeller leaves much to be investigated. 

Even the fixed pitch propeller becomes a marginally satis- 
factory thrust producer, under high speed and power require- 
ments of hydrofoil craft. Above approximately 40 knots, the 
all-wetted propeller begins to have serious cavitation 
problems. 


This phenomena occurs when the blades move through 
water at high speeds. As the velocity increases, the water pres- 
sure decreases and eventually it is reduced to that corres- 
ponding to the vapour pressure of the water. When this 
condition is reached, the water actually boils, even though 
the water temperature is unchanged. More precisely, the water 
in the low pressure area flashes into steam creating vapour- 
filled cavities, from which the term “cavitation” is derived. 

The supercavitating propeller is also difficult to design for 
fully cavitated operation by the fact that at low speeds the 
propulsive power is extremely low, which means that the 
propeller cannot develop the high thrust required to raise 
the vessel into the foils. 

Supercavitating propellers can be designed with satisfactory 
efficiency at high speeds. These propellers have been devel- 
oped with blades of a peculiar V-shaped section as shown in 
Fig. 27. At sufficient speed, cavitation bubbles forming on the 
blades subpressure side collapse fully behind the foil, thus 
avoiding destruction of the metal. The lower limit of the 
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propeller shown in Fig. 27 is about 40 knots, whereas an 
upper limit does not exist from the purely hydrodynamical 
point of view, but is determined by stress consideration. 

There would appear, however, no proven method for 
analysing the stress or vibration characteristics of highly 
loaded wedge-shaped blades. In the past, propeller blade 
failures have been overcome by the thickening of sections or 
using superior material. This has solved current problems 
without increasing the basic knowledge of how to design 
these propellers. A great deal of hard work needs to be done 
to enable the use of super-cavitating propellers with complete 
confidence. 

Various materials have been used for supercavitating pro- 
pellers, including titanium and stainless steel. Development of 
anti-cavitation erosion alloys has led to research as did the 
quest for Ni-Al Bronze or Mn-Al Bronze which have been 
lately used extensively for marine propellers where a material 
having greater resistance to erosion and greater strength 
than manganese bronze was required. These aluminium 
bronze alloys, however, are more or less easily affected 
by cavitation erosion when used on high speed hydrofoil craft. 
In order to satisfy this requirement, a series of experiments 
of adding beryllium to copper alloys have been conducted, 
giving a higher degree of precipitation hardening. 

Through these experiments, a new propeller material having 
a higher rigidity and an improved resistance against cavitation 
erosion has been developed. This new material is an alloy 
which contains in the base metal of copper, 4°0—9°8 per cent 
aluminium and -04-2°5 per cent of beryllium, and besides, 
its chemical composition is such that the ratio in weight of 
aluminium and beryllium is more than 4:0. A comparison 
between the above-mentioned Cu-Al-Be, and alloys usually 
used for marine propellers in respect to their anti-cavitation 
erosion, and mechanical properties, shows the following 
results: — 


Chemical Composition ”, 


Cu Zn Mn Fe Al Ni Sn Be 
Mn-Bronze 56°83 38-68 0-76 0:89 0:98 0-35 0:47 — 
Al-Bronze 80-9 — 1-41 4-82 9:68 4-86 — — 
Cu-Al-Be Alloy 90-72 a — = 8-33 _ — 0-93 


I 
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Mechanical Properties Mn-Bronze Al-Bronze Cu-Al-Be Alloy 
Charpy Impact Value kg. m/cm? 5 4 4°5 
Elongation ve i 19% iehes Mies 
Tensile Strength kg/mm* 48 60 69 
Brinell hardness (H,) 127 150 180 
Comparison of Cavitation Erosion . 
Weight loss (mg) 100 10°56 2-54 
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With larger craft and higher operating speeds, the power 
required is greatly increased. The problem of delivering com- 
paratively high powers to a remote thrust device as is the 
screw propeller is a Gordian knot difficult to unravel. The 
transmission has to span the long distances between the engine 
situated in the hull, and the propeller which of necessity has 
to be placed in the position of optimum efficiency when the 
craft is foilborne. The angled shaft proves practicable in 
many cases in the past but has many disadvantages : — 


1. The long spans of exposed shafting between supports offer 
high drag. 

2. High rotating speeds and loading presenting a major 
problem in bearing design. 

3. The necessity of keeping the diameter of the shafts to a 


minimum, requiring them to be manufactured from suit- 
able high tensile corrosion resisting material. 
The shafting passing through or running adjacent to their 
whirling speeds. 
Water scaling. 
Incorporating sufficient shaft flexibility. 
These problems have been met with the size of craft con- 
structed to date but will magnify with the demand for in- 
creased power. With the approach used in the past, to use the 
minimum possible shaft diameter, 1000 hours between ser- 
vices, which appear optimistic. 

The right angle or “Z” drive as it is sometimes called would 
appear to be the answer for high power water screw propul- 
sion. As already stated, this type of approach is inherently 
expensive and complicated. At present the maximum con- 
tinuous horsepower transmitted by a single mesh of bevel 
gears in a hydrofoil craft has not exceeded 10,000 h.p. 
(“Marad” hydrofoil “Denison”). It has been stated, however, 
that the transmission of this craft was designed to accommo- 
date 14,000 h.p. continuously and 20,000 h.p. at take off. 


Reduction gear box |-4722:1 
Rev/min 6050/2825/4111 
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3-75"/2:75”" diameter 
hollow shafts 


Approximately 20” dia- 


Overall ratio 50:49 


Three bladed 40” diameter 
* 47-2" pitch propeller 
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Diagrammatic arrangement of the bevel gear transmission 
for the hydrofoil craft “Denison”. 
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From the little information that has been published, it 
would appear that on one of the trial runs of the Denison, 
12,620 s.h.p. was developed at 3,410 r.p.m. of the propeller. 
The bevel gear transmission was arranged as shown diagram- 
matically in Fig. 28, the approximate diameter of the bevel 
wheels being 20 in. By equating the diametral pitch so that 
the tooth strength and wear were approximately equal, the 
calculated tooth bending stress would be about 12,000 Ib./in.* 
with a pitch line velocity of 18,000 ft. per minute. These 
conditions could well be accommodated with case hardened 
and ground gears. However, as already stated, these gears 
were designed for a much higher loading. 

In order to keep the weight and size of such gear systems 
within useful limits, it will be necessary to use extremely high 
line velocities and tooth bending stresses. For future hydro- 
foil craft, it may be necessary to think in terms of pitch line 
velocities of 30,000 ft. per minute and a tooth bending stress 
of 40,000 lb./in.2. At the moment, from American informa- 
tion, the maximum conditions would appear to be approach- 
ing 25,000 ft. per minute and 35,000 lb./in.*, but these condi- 
tions have not been operated simultaneously. 

A further useful refinement may be to take the first speed 
reduction in the propeller pod by use of a planetary gear 
system. 

To discover whether geared transmission can be applied to 
high power, a 50,000 h.p. unit is being built in the U.S.A. for 
testing under full torque and r.p.m. A high-powered planetary 
gear is also being designed for test. 

These tests will determine the practicability and life of 
such high power systems. The time between overhaul of 
geared transmission is expected to be approximately 2,000 full 
power hours. This is a short term period in terms of usual 
marine pracice. 

The right angle drive could have the attractive advantage 
of rotating the propeller pod about its vertical axis; therefore 
utilising it for steerage purposes, and for unidirectional prime 
movers facilitating astern propulsion. As already stated with 
large craft and higher operating speeds, the required power 
is greatly increased and the means of harnessing these greater 
powers present difficulties particularly bearing in mind that 
weight is at a premium. Counter rotating propellers may be 
the answer, splitting the power between an inner and outer 
shaft. This could only be feasible with a right angle drive. 

Counter rotating propellers would reduce the size of the 
gearing, and the smaller diameter propellers would also 
increase the range of foil depth that can be utilised without 
the propeller broaching. It should be added, however, that 
the positioning of a propeller at the forward end of the pod 
could cause excessive erosion on the pod and struts. 


WATER JET PROPULSION 


It would appear that water jet propulsion offers the best 
immediately available approach to solve many of the hydro- 
foil machinery problems. This system does not promise to 
equal the overall efficiency of gears and propellers until speed 
in excess of 80 knots are reached. Some loss in range may be 
acceptable in order to gain the advantages of the water jet 
system. It should be less expensive with a longer overall life 
and be easier to maintain. The question may arise here why 
not direct propulsion by gas jet engines, this results in a very 
simple arrangement, but it is highly inefficient due to the high 
ratio of jet speed to the speed of the craft, and the noise level 
would hardly be accepted in close waters. 


All aircraft and seacraft are, in a technical sense, jet- 
propelled, since thrust is developed by accelerating a more or 
less well-defined jet of fluid towards the rear. The final 
element of the propulsion system (i.e. the propulsor) is, in 
most cases, immersed in a medium through which the craft is 
moving. The distinguishing feature of water jet propulsion 
system is that the propulsor is not immersed in the medium. 
Water is scooped up out of the sea and ducted upward, 
energy is added to the water by means of a pumping element 
and the water is discharged in the form of a driving jet, 
usually above the water line, so as to reduce back pressure. 


The water jet consists of the following : — 


Tue Scoop, which is a forward facing opening that serves 
the function of ingesting water. From the moment of 
ingestion, this water is isolated from the sea until it returns 
to the sea in the form of jets. The scoops must be located 
well below the hull to ensure full immersion during the flying 
mode of operation, and are usually incorporated in the lower 
portion of the foil strut. Scoop intake can be of either 
constant or variable area. Variable-area intakes make it pos- 
sible to use a large area while the craft is moving at low 
speed, when ram pressure is low, and a large quantity of 
water is needed to provide sufficient thrust for acceleration. 
At high speed, when ram pressure is adequate for driving the 
water in, a smaller scoop area is desired. The size of the 
intake area can be varied automatically by means of one- 
way valves which are installed over some of the openings and 
are actuated according to the balance between internal and 
external pressures. The scoop inlets should be so formed as 
to avoid flow separation and cavitation even when operating 
at small angles of attack, such as during high-speed manceuvr- 
ing. 


DuctING is used to guide the water from the scoop to the 
pumps. This is usually incorporated into the supporting struts, 
in order to reduce the number of drag producing elements 
which must be towed through the water. At the top of the 
strut, the water is ducted to the pump intake, this may be 
either simple or branched, depending on the number of strut 
ducts and the number of pumps utilised. The average velocity 
of the flow of water through the intake ducting should be 
appreciably lower than the design speed of the craft. The low 
velocity reduces the internal losses and aids in suppressing 
cavitation in the ducts. 

THe PumMe or Pumps may be mounted in the hull or on 
the transom. The function of the pumps is to add mechanical 
energy preferably in the form of kinetic energy. These pumps 
may be (a) axial flow (propeller), (b) mixed flow, or (c) radial 
flow (centrifugal) and the choice will be governed by size and 
speed of the craft. 

Tue Nozz_es may be incorporated in the pumps as shown 
in Fig. 31 or be entirely separate. The work of the nozzles is 
to convert the pressure energy of the flowing water into 
kinetic energy. Returning to the various types of pumps, these 
are suitable for the following application: (a) low head, (b) 
intermediate head, and (c) high head. These pumps are also 
controlled in the form of their specific speeds. Type (a) has a 
large specific speed value, (b) intermediate, and (c) small. 
Each of these three types cover a range of specific speeds 
with some overlap at the borders, maximum efficiency being 
obtainable only over a narrow range (see Fig. 29). 

The specific speed, N., for any pump at a given rotating 
speed N in r.p.m. is calculated by taking the capacity Q in 


nN 
Ww 


g.p.m. and the head H, in feet at the best efficiency point of 
that type of pump: — 


Efficiency % 
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Geometrically similar pumps of any size have approxi- 
mately a constant value of N for any rotating speed. There- 
fore, with this equation it is possible to provide a guide with 
respect to the selection of the type of pumping machinery. 

The head required for a given design will usually determine 
the type of pump. High speed craft will require pumps 
developing high heads, i.e. of the centrifugal type if they are 
to be of a single stage. As stated the specific speed of any 
pump is within a narrow range for good efficiency. Therefore, 
with Q and H, known and N, approximately known, the speed 
of rotation N may be found. Where a number of pumps are 
utilised in parallel instead of a single pump, the head deve- 
loped by each pump will be the same as that of a single pump. 
The pump aggregate would be of the same type as that of the 
single pump, and would therefore have the same specific speed. 
However, each of the aggregate (n) pumps deals with only 
part (Q/n) of the total flow. Therefore their rotating speed 
would be higher than that of a single pump. On this basis, 
the weight of a single pump could have a greater weight than 
that of the equivalent aggregate pumps, but this advantage 
may be offset by the necessary complex ducting. A number 
of pumps in series or a multi-stage pump could be considered 
as an alternative to a single stage pump. With this design, the 
capacity of Q of each pump or stage is that of a single stage 
pump, the head across each stage is less than that across the 
single stage pump. With the type of reasoning used for the 
pumps in parallel, a pump aggregate of this type will operate 
at a lower r.p.m. and will therefore weigh more than a single 
stage pump. 

The susceptibility to cavitation is another very important 
aspect of pumps, this decreases efficiency and increases the 
noise, and results in destructive damage to the pumps some- 
times after only a few hours running. The tendency to cavita- 
tion is related to the specific speed and to the pressure of the 
water at the pump’s suction flange. 


Wislicenus, Watson and Karossik related this to a cavitation 
parameter called “Suction specific speed” (S). (Ref. 15). 
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where H., is the net positive suction head measured in feet 
of water above vapour pressure (Fig. 30). The numerical value 
of S associated with a given pump determines the minimum 
net positive suction head required by that pump when 
operating at N r.p.m. and delivering Q g.p.m. of water if 
cavitation is to be avoided. 
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Vapour pressure plotted against temperature for water. 


The ram pressure available at cruising speed in most hydro- 
foil craft is sufficient to suppress cavitation. It may, however, 
be necessary to add an inducer ahead of the main pumps if 
cavitation is to be avoided during acceleration and take off. 
This could comprise a low head propeller pump which 
requires a lower net pressure suction head. As for all types 
of hydrofoil craft machinery, the necessity for low weight 
cannot be over-emphasised. In most cases, it will be found 
that normal pumps are too heavy, due to the fact that they 
have been designed for civil or marine application where 
“ruggedness” is considered a virtue and weight is of little 
importance, and their primary function has been to add pres- 
sure energy to the fluid. The result of this latter requirement 
is the major portion of the bulk and weight of these pumps 
is devoted to the conversion of kinetic energy to potential 
energy in the form of pressure. For propulsion application, 
the desired output is kinetic and not pressure energy since 
water is taken and returned to the sea at atmospheric pres- 
sure. It would appear, therefore, that future hydrofoil propul- 
sion will necessitate the structural re-design of pumps together 
with the selection of lighter materials. The choice of the latter 
must be given much thought. 
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The Soviet hydrofoil Chaika had water jet propulsion 
developed by Krasaze Sarmova Shipyard, the actual propul- 
sive pressure being produced in a two-stage axial pump. The 
deviation of the stream between the first and second stages 
being effected by means of a rectifying mechanism with 12 
blades. In the first model of this aggregate, all parts excepting 
the shaft and working rotors were made of aluminium alloy. 
It was found, however, during trials that this did not provide 
adequate endurance and cavitational constancy, so aluminium 
alloy was retained for the water intake and deflectors only, 
rust resisting steel being used for the body of the pump, 
rotors and nozzle. 


The pump as shown in Fig. 31 is one example of re-design, 
in this case the entire stationary volute casing has been 
eliminated by incorporating the nozzles into the rotating im- 
peller. This design is usually referred to as the Hydrorocket 
water flow system. 


Scoop intake 


iE 

2. Ducting 
3. Pump 

4. Nozzle 
5. Inducer 
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Basic features of a hydrorocket pumping unit. 


One very great advantage with water jet propulsion is that 
by directing the jet discharge downward at a small angle to 
the horizontal, a significant lift augmentation may be realised 
at the cost of a small reduction in forward thrust. This added 
lift reduces the lift required from the foils, therefore permit- 
ting the use of a smaller foil, which has proportionate lower 
drag. 


PROPULSIVE SYSTEM 

From the past chapters, it will have been seen that the 
power plant and method of obtaining thrust for large hydro- 
foil craft presents many problems for which the best solutions 
are not yet apparent. The prime movers for the foilborne 
drive will certainly be gas turbines in order to obtain the 
required power in a light weight. Some gas turbines used or 
being developed for hydrofoil craft utilise existing aircraft 
jet engines as gas producers with specially designed gas 
turbines to convert gas energy to rotative power. This neces- 
sitates the replacement of the magnesium parts with salt 
water and fire resisting materials and applying protective 
coatings to the blading. A good example of collaboration was 
a unit of 22,000 s.h.p. based on the well tried Bristol Olympus 
turbo jet as the gas producer, and a free power turbine 
designed and manufactured by Brown Boveri. 

The gas generator is a straight flow high pressure ratio unit 
consisting of a five stage low pressure compressor and a seven 
stage high pressure compressor each driven independently by 
its own single stage turbine through co-axial shafts. The 
compressors are mechanically independent and each runs at 
its own optimum efficiency giving the engine exceptional 
flexibility and rapid acceleration. The power turbine is built 
as a separate unit connected to the generator by a flexible 
duct. 

The usual approach to the potential application of gas 
turbines for marine use has emphasised the problems of fuel 
consumption. This has brought the addition of various degrees 
of complexity to the basic simplicity of a simple cycle gas 
turbine to achieve better fuel consumption. In considering 
existing gas turbines or developing new ones, the most im- 
portant criterion should be placed on simple automatic 
engines with a minimum requirement for operational and 
maintenance personnel, and each increment of complexity 
should be weighed in terms of application requirement. 

Turbine inlet temperatures and component efficiencies are 
of prime importance in a gas turbine. Good fuel consumption 
can be obtained with high pressure ratio non-regenerative 
engines, or with low pressure ratio regenerative gas turbines 
provided their part load component efficiencies are good. This 
may be improved further by the inclusion of variable power 
turbine nozzles. The higher the turbine inlet temperature, the 
greater the gain that can be expected with complex cycles. 
It should be added, however, that regeneration is no sub- 
stitute for good component performance. With high pressure 
ratio engines, a regenerator can be designed to improve part 
load performance with partial bypass of the regenerator at 
full power. This was successfully carried out on the Rolls 
Royce RM60 marine gas turbine. 

Where power requirements vary from 70 to 100 per cent 
of the engine rating, non-regenerative gas turbines are usually 
preferred. Where a wider operating requirement exists and 
fuel consumption is important, the complexity of a compact 
regenerator and variable power turbine nozzles could be 
justified. 

There is no doubt a gas turbine more than any other type 
of prime mover is dependent upon good initial installation, 
especially in relation to air supply and exhaust ducting. Past 
experience has proved that many of the problems arising in 
gas turbines have been related to the marine environment 
and installation considerations. It is considered desirable to 
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minimise the change in requirements within the engine by 
eliminating the problems before they affect the engine. The 
temperature, pressure loss, turbulence and salt water content 
of the intake to the engine are all critical because of their 
effect on compressor reliability and engine performance. It is 
of prime importance that the air provided at the compressor 
intake has the minimum of salt water and moisture content, 
and that the temperature is also close to ambient, having a 
uniform flow pattern around the compressor intake. Ducting 
of the intake air to the inlet plenum is recommended, incor- 
porating water and moisture separators, and flow straighteners 
as required. Where the machinery compartment is used as a 
plenum, much thought should be given to minimise the heat 
given off by the engine and transmission. The temperature of 
the air to the compressor intake affects the engine air flow 
and horsepower. Every 20° F. rise in temperature results in 
an approximate loss of 10 per cent in rated horsepower. The 
level of temperature can also affect the relationship between 
the operating and surge line. Compressor failure has occurred 
due to excessively high intake air temperature, resulting in 
the compressor operating in surge during acceleration and 
deceleration. 

The air intake ducts and exhaust stacks should always be 
arranged to prevent exhaust gas being recirculated into the 
air intake ducting. Compressor fouling reduces engine air 
flow and consequently the horsepower output. Prior to shut 
down, it is usually found necessary to resort to washing with 
fresh water to remove the salt deposits, whilst cleaning with 
solids such as ground walnut shells may be necessary to 
remove oil vapour and other deposits. Fouling in the early 
stages can affect the part load compressor efficiency and surge 
line characteristics and limit acceleration and operational 
capablities. It is important to have a good margin between the 
surge and operating line in order to have trouble-free opera- 
tion at all speeds. 

There also has been experienced corrosion of the com- 
pressor due to the effects of salt water in the air, the attack 
is usually intergranular. A notch sensitive condition is pro- 
duced which results in fatigue failure. Some coatings have 
been helpful in alleviating this problem but it is thought that 
the use of titanium is the ultimate solution. 

Particular attention should be paid to the fuel system, a 
positive fuel pressure must be maintained at all times. Air or 
water pockets in the fuel lines can cause loss of combustion 
during operation. When re-ignition occurs, excessive fuel may 
be present in the combustion chamber causing overheating of 
the turbine blades. Sea water contaminated fuel and air com- 
bining with the sulphur contained in the fuel oil can cause 
sulphidation corrosion. The sodium sulphate resulting from 
the sulphur and the sea salts becomes apparent with turbine 
inlet temperatures above 1500° F. The exact nature of the 
corrosion attack is not fully understood but it can cause inter- 
granular corrosion of nickel base alloys. The U.S. Navy have 
operated marine gas turbines using cobalt base alloys satis- 
factorily by limiting the maximum average gas temperature 
to 1550° F. and 1600° F. for fuels having a maximum sulphur 
content of | per cent (diesel) 0°5 per cent (JP—S) respectively. 
It was stated this was not a valid criterion but did provide a 
conservative margin. Gas turbines should be capable of 
operating satisfactorily with 0-01 per cent by weight of sea 
water in the fuel and | p.p.m. of weight of salt in the air. 
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A Glass Reinforced Plastic vessel with twin bows fairing into a 


single transom aft. 


28’ 0” L.O.A.x 12’ 0” Beam 4’ 6” Draught at rest x 2’ 6” Draught 


at 30 knots in still water when fully loaded. 


Powered by | Daytona 


“Turbo 500 D” diesel engine developing 235 B.H.P. 
The craft is intended for taxi service in sheltered water in which 
waves do not exceed 2’ 0” trough to crest. 


CONCLUSION 


From the classification point of view, the hydrofoil craft 
is very much a departure from usual vessels, both in design 
and operating aspect, and it is thought that a complete new 
approach is desired. This may be divided in two parts: one, 
to establish workable design criteria; and two, the need to 
apply a new approach to the question of anticipated life in 
service and survey periods. The necessity to keep hull and 
machinery weight to a minimum means that a variation of 
design is governed by the service criteria. Therefore these two 
aspects are inter-related. In the past chapters, reference has 
been made to external propeller shafting having 1,000 running 
hours between servicing, bevel gear transmission having 2,000 
hours and with the gas turbines as visualised, the periods be- 
tween surveys as now required by the Rules would be quite 
unworkable. Perhaps the basis could be founded on: — 


1. Life expectancy of somewhat less than half that of a 
normal marine installation. 


2. Provision for more frequent inspection based on actual 
engine running hours in lieu of a time period. 
3. Repair by replacement. 
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Name or Number of Design —, Overall chao = iatamst : Number of atkey { ‘ e peta! See Sl 
and Country of Design Weight bcs Pe Bea | arg outta Passengers encts) | Engine and Drive Type Engines ie | Mid- wed Remarks 

| (tons) | down) | total | Ships 

Flying Aquacraft (Russia) 1000+  350'0" 60° 0” | 60’ 0” 7 29’ 0” ? 160 Pure jet or gas turbines 180,000 HP Ss S | Design Study 
approx. | approx. approx. approx. 
Grumman AG (EH) (U.S.A.) 314 217 & |" 0? 1 F1° OF 23 ? Navy 80 | Gas turbines propellers 14,000 x 4 Ss Vv | Propellers amidships 
Bureau of Ships SOOT (U.S.A.) | 500 180° 0” | 38’ 0” 56’ 0” 24’ 0" 9’ 0” Navy 80 Gas turbines water jets 20,000 « 6 s Ss | 
Sputnik (Russia) 110 157’ 0” |. 29° 6” | 29’ 6” 4 24’ 210" up to 700. 414 | Diesel propellers 8504 L L 
Vikhr (Russia) 110 157’ 0” | 29’ 6” | 2 a= 4 “4 ? 270 50 __ Diesel propellers 1,200 x 4 L L 
FHE 400 (Canada) 200 150’ 9” | 21’ 6” | 66’ 0” ae OF 11’ 6” Navy 60 Gas turbine propellers 22,000 x 1 Vv tf | Bow steering 
Burevestnik (Russia) 61 142 0") 22" OF #522" 0° > hu Bias 1’ 4” 150 65 Gas turbines water jet 2,000 x 2 L L 
PT 150 (Switzerland) | 150 139’ 0” | 26° 3” | 47’ 3° 15’ 0” ayo ke 295 45 Gas turbines propellers 4,350 x 2 ¥i v 
Denison (U.S.A.) 95 LT 237-0" | 437.0e 1555" 6’ 3” Research 60 Gas turbines propellers 20,000 x 1 Ss Vv 
High Point (U.S.A.) 110 DESO 1 31 OFA esl OF a 1864" 6’ 7” Navy 40+ | Gas turbines propellers 3,100 x 2 S S Bow steering 
Kometa (Russia) 58 2150 8 13156". 3" Gs 10’ 6” 4° 8" up to 150 34 Diesel propellers 950 x2 L P L 
Meteor (Russia) 53 112’ 0” | 19’ 8” | 19’ 8” ES a ee 150 434 Diesel propellers 900 « 2 L L 
MH. 60 (Japan) 2 98’ 6” | 26’ 3” | 49° 0” ile 5h} bes 67” 168 24+ Diesel propellers 1,500 x 2 Ss V 
PT. 50 (Switzerland) 62 920 8> | 19" 2")||| 34 ae 4° oF" 110 354 Diesel propellers 1,350 x 2 vi 
Raketa (Russia) 25:3) C88 Se 16eS* AGS =r 8 Gy a Ts 66 37 Diesel propellers 1,000 | L L 
Hydrofin P20 (U.K.) ? 88’ 0" | 16’0” | 28’ 0° 13’ 6” 33% 72 45 Diesel propellers 1,350 x 1 s S F 
Chaika (Russia) 1 3a) SECO SE Pies" ede, Se 35 10° io 30 464 Diesel water jet 1,200 x 1 L L 
Aquabus 120P (Holland) 62-1 76° 10" 39° 6" 43’ 4” 155: T 10% 408 36 Gas turbines propellers 3,000 x 2 S Vv P 
Pr 35 (Switzerland) 46 Tate 20 o.oo ae bia U bag Pad id 100 37 Diesel propellers 1,350 1 ¥ Vv 
Grumman Dolphin (U.S.A.) 50 70 O75} 1800" |<18° 0" 1507 5’ 0” 90 50 Gas turbines propellers 1,500 x 2 Ss S Bronze foils 
PT. 20 (Switzerland) 27 69. LON) 1358S) | 24" Fe 32 hg hal b Gg 60 35 Diesel propellers 1,350 1 ¥ Vv 
FI. 27 (Switzerland) 27 GeOs 121509" ees, a 8° 11" cet bbe 72 40 Diesel propellers 1,350 x 1 Vv Vv 
MH. 30 (Japan) 35 67’ 6” | 16’ 5” | 41’ 0° 13, 5% S 5 80 35 Diesel propellers 1,350 1 Ss L 
Victoria (U.S.A.) ? 65°00" 16°00" 30’ 6” 14’ 1” TS 75 37 Gas turbines propellers 925 x2 S S Engines outbd. P &S. 
Bow steering 
Skydrofoil SS. 65G (U.K.) ? 65’ 0 re 17’ 0” x’ 0" 2 6 68 45 Diese! propellers ? P S P 
Bras d’°Or (Canada & U.K.) 1753") 39° OF) 1389" a32 Oe 12’ 6” > 6: Research 55 Petrol propellers 1,500 x 2 L L Propellers amidships 
Fresh 1 (U.S.A.) 15 53’ 0 22’ 6” Variable Variable Variable Research 100 Pure jet 18,000 Ib. Vari- 
thrust able 
Noters.—1. While the authors have made every effort to verify all the above information, the figures are not guaranteed, as so much published information has proved to be contradictory—varying 


dimensions even being shown on two adjacent pages of one publicity data sheet supplied by one manufacturer. 


Ne 


forty-three designs of less than 50 feet length which have been omitted due to pressure of space. 
3. The total number of hydrofoil vessels in service or on order now exceeds 900, of which about one third exceed 50 feet in length. 
* For. Type:— L = Lapper 
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In addition to the above craft, there are at least twelve other designs for vessels of more than 50 feet length for which the authors have been unable to obtain full information, and some 
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Discussion on Mr. C. Beason’s and Mr. A. Buckle’s Paper 


HY DROFOILS 


Mr. J. B. DAVIES 


The Authors have given us an extremely interesting paper 
on a type of ship whose development has been extremely rapid 
during recent years. It was, to me at any rate, very surprising 
to see from Note 3 to the Table in the Appendix that there 
are now over 900 hydrofoil vessels in service or on order, and 
it would be of interest to know where the majority of these 
are in operation. 

From an examination of Fig. 26, it would appear that there 
is a grave risk of sufficient power not being available to enable 
the craft to become fully foil-borne, and I wonder whether 
the Authors know of any cases where the designers have cut 
the power so neatly that take-off trouble has been experi- 
enced. 

It is evident that there will be an increasing demand for 
classification of this type of craft, and the work that the 
Authors have done in preparing this paper will be of very 
great assistance when we come to writing Rules. There is, 
however, one statement in their conclusions which I would 
like to query. This is Item 1, “Life expectancy of somewhat 
less than one-half that of a marine installation”. As it is 
written, it could be taken as applying to the hull structure, 
and I wonder if the Authors did not really mean it to apply 
to the machinery installation. I do not think it would be a 
satisfactory basis for hull design. 

I must, once again, thank the Authors for the way they 
have collected the information on this somewhat unusual 
subject into a coherent paper, for I believe that, at last, I 
have a bit more than a vague idea as to how hydrofoils really 
work, 


Mr. A. REID 


At the end of Section E—Damaged Stability—the writers 
of the paper have asked for comments from colleagues in the 
Freeboard Department. The following is a brief account of 
the work of the Department in connection with hydrofoil 
ships. 

The Department has not had much experience with this 
type of ship, having assigned freeboards under the Load Line 
Convention to only three—two PT. 50s and one PT. 20—and 
applied the Convention for the Safety of Life at Sea to only 
one—a PT. 20. The PT. 20 was also measured for tonnage by 
the Society—these three were passenger ships. 

It is hardly likely that the Load Line Convention, when it 
was first published, had assignment of freeboards to hydro- 
foils in view and, of course, when under way at its maximum 
speed the hull of the hydrofoil ship is above the surface of 
the water and the question of freeboard is irrelevant. When 
water-borne, at rest, or under way at relatively low speeds the 
ship has a certain amount of freeboard as any ordinary ship, 
and it was for this water-borne condition that freeboards 
were assigned under the Load Line Convention. Freeboard 
on the basis of the Convention is a function of the dimen- 
sions of the ship but in most passenger ships, including the 
three hydrofoils, the freeboard based solely on the dimensions 
and called the geometric freeboard has to be increased to 


agree with a draught for which the subdivision and scantlings 
of the hull have been approved. 

It is not practicable to meet the requirements of the Load 
Line Convention fully in the smaller ships of this type—for 
example, door coamings cannot conveniently be 24 inches 
high where required by the Convention. However, in the case 
of ships on geographically restricted service limits and having 
draughts less than the geometric maximum permitted by the 
Convention, door coamings less than 24 inches high are 
acceptable and on this basis this and other requirements of 
the Convention were met in these three ships. 

The writers of the paper feel that, in the computation of 
freeboard, account should be taken of restricting the displace- 
ment of the ship in the water-borne condition to some 
maximum, depending on the cavitation characteristics of the 
propellers. That implies that the draught should be restricted. 
In practice, the draughts of the hydrofoil ships dealt with by 
the Society were less than the geometric maximum as 
explained above, and they could have been further reduced, 
if necessary, to meet the displacement requirement. 

Similarly, it might be considered hardly likely that the 
Safety Convention was intended to be applied to hydrofoil 
passenger ships, but by consultation with other Authorities 
the Society was able to state requirements for fire appliances, 
life-saving appliances, built-in buoyancy, radio, stability, etc., 
for the hydrofoil passenger ship PT. 20 taking into account its 
limited service. The effect on the stability of flooding one 
compartment with a watertight flat was estimated, and mea- 
sures proposed for keeping it to a minimum. 

With its limited experience of hydrofoil ships the Free- 
board Department cannot say how many governments require 
hydrofoil passenger ships to be fitted with built-in buoyancy, 
so that after damage, involving complete flooding, the ship 
remains afloat and has sufficient stability. It would not appear 
from the technical press that many Governments have been 
called on to state their requirements for hydrofoils. However, 
it is thought likely that the requirement for built-in buoyancy 
would be adopted by most. Built-in buoyancy on this basis 
was provided in the PT. 20. It is agreed, as suggested by the 
writers of the paper, that the actual values of the permea- 
bilities of the various compartments should be used. This will 
mean some laborious calculation, and is permitted by the 
Convention. 

It is difficult to deal with the question as to whether or not 
hydrofoil ships, exceeding 150 ft. in length, should have 
built-in buoyancy to the same extent as the smaller ships. 
(The PT. 20 that the Society dealt with is about 70 ft. long 
and the PT. 50 about 90 ft.) The large items of driftwood 
mentioned in the paper that cause extensive damage, in a 
collision, to hydrofoils do so, presumably, by ripping off the 
foils; and their supports, bending under the force of the col- 
lision, tear holes in the shell; the floating object may do 
further damage aft as the ship continues on its course. A lot 
depends on the weight and shape of the floating object but 
relatively less damage would be expected in the larger hyro- 
foils—the shell plating for one thing would be thicker. A 
three-compartment standard might be acceptable. The Inter- 
governmental Maritime Consultative Organisation has this and 


other questions about the operation of hydrofoil ships under 
review at present. It is probable then that requirements for 
subdivision, life-saving appliances, fire-fighting appliances, etc., 
will be forthcoming in the future. 


Mr. F. DE PERROT 


Possibly the greatest merit of this very comprehensive paper 
is to present the hydrofoil vessel as an integrated design, and 
not, as was often the case, as an assembly of individual speci- 
alist’s conflicting requirements. The very narrow sterns of 
the early V. Schertel’s designs may be quoted as a case in 
point, for such sterns were the result of foil-design require- 
ments and not rational overall economic requirements. 

At the top of page 16, under the heading “Superstructures”’, 
Mr. Buckle refers to an equivalent glued “top hat” section. 
Additional details about resin-bonded structures, and their 
potential use in hydrofoil vessels, would be welcome. 

On page 20, Mr. Beason refers to a speed of approximately 
40 knots leading to serious cavitation problems. In this con- 
text, [| would like to suggest a lower speed of 30 knots, for 
until now, commercial hydrofoil vessels have had to operate 
in far from ideal cavitation circumstances due mostly to the 
10°-13° propeller shaft inclinations and complicated design 
in the region of the aft-foil. These particular difficulties can 
often lead to additional causes for cavitation, even at such a 
low speed. 

Experience gained in Lucerne showed that conventionally 
designed propellers were susceptible to serious cavitation 
damage, even after very short periods of service, and it was 
thought that the fully, cavitating propeller might provide a 
solution, even at about 32 knots. Such a propeller was 
designed and tried on a small test boat which rose very well 
on her foils and achieved a higher speed than the next best 
convential propeller had done. It had the additional merit of 
being free from cavitation damage. 

The Supramar PT. 130, which appears to have been evolved 
from the early PT. 150 designs, is now being built by Wester- 
moen A/S Mandal. When completed, it will be the highest 
powered diesel hydrofoil vessel in use, and it would be of 
interest to have her in the Table in the Appendix. 


Mr. P. H. W. EVANS 


We have had some association with a Sydney-based hydro- 
foil and think the following comments may be of interest: — 


(1) In ten months the vessel has fitted six propellers on 
account of damage by driftwood and unknown obstruc- 
tions. 


(2) A propeller has not been on the vessel long enough to 
ascertain the amount of cavitation damage one would 
expect to get but cavitation is evident at the boss and 
halfway up the leading edges of each blade of the vari- 
ous propellers. 

(3) Pitting of the shell plating has caused some concern. This 
is general all over the hull as small cavities under paint 
blisters and started initially around the rivet heads. The 
plating has already been sand blasted once and a recom- 
mended priming coat applied. We understand that a 
hydrofoil in New Zealand waters is troubled likewise. 
Four zinc anodes are fitted to the after foil and these 
have to be renewed frequently as they waste rapidly. 


At night, when not in service, cathodic protection on the 
applied current system is installed. 

With regard to performance, the vessel is on a passenger 
ferry run of some 15 minutes duration, from Sydney Circular 
Quay to Manly Wharf. Harbour pleasure trips are also a 
feature of the service and time for these would be approxi- 
mately the same as for the ferry run. The vessel does not ply 
during the hours of darkness as the harbour authorities will 
not allow this. 

Sydney Harbour water surface would be akin to that of a 
lake, i.e. generally a short clipped sea and the ride over this 
is not unlike a car ride over a fairly rough corrugated road 
with the type of vibration to the hull structure associated with 
such a ride. With a strong wind on the quarter or abeam the 
vessel takes a permanent list and by reason of the shortness 
of the passage no attempt is made to correct this. 

Abreast the opening to the harbour heads, the Pacific 
Ocean swells into the harbour entrance. These rollers are big 
and lazy and at times can be exceedingly unpleasant to small 
craft. The vessel’s course proceeds parallel with the waves at 
this point and the vessel rolls in phase with them. Depending 
on size—if big, it is the practice to head the vessel into the 
sea, at an angle of 45° in the direction of the harbour 
entrance to a point where a similar angle course returns the 
ship to Manly Wharf. On the point of turn the vessel is made 
to break flight and settle in the water to negotiate the turn. 
All tight turns are manceuvred in this manner irrespective of 
surface conditions and she does not make tight turns on the 
foils. 

Many years ago I was associated with an official demon- 
stration trial run of another hydrofoil vessel—as an interested 
observer. The Society had nothing to do with this vessel but 
I knew the builders very well and had taken an interest in 
their endeavours. 

We set out on a terrible day of storms, in weather that 
was responsible for sending most small ships to safety and 
for large ones avoiding the narrows outside the harbour. I 
challenged the wisdom of proceeding under these conditions 
but was told that the hydrofoil was well able to cope with 
seas of this magnitude, in fact, the weather couldn’t have 
been better for the purpose of the demonstration. This was 
incredible to me. The hydrofoil was a very clean performer. 
They used to drive her fast at all times and she was always 
well up on the foils with no fuss and certainly very little 
spray. 

We proceeded through the comparative calm of the inner 
harbour and soon gained flight (about 30 knots). Our progress 
was rapid to the outer breakwater. I recall being on deck 
observing the three thin white lines of the wakes from the 
struts and rudder in the water and making a mental note of 
how undisturbed the wake water looked. The next thing we 
were past the breakwater entrance and into the strong south 
wind. 

The course was at an angle across the narrows with a 
following wind and sea up the narrows and the motion of 
the vessel was a clipped staccato transverse action so vigorous 
that one was obliged to hold on to the hand rail for fear of 
being flung over the side. Incidentally, the side rails were not 
to freeboard requirements height but were slightly below 
hip height, which meant, to me, that they were below the 
c/G of the body and were, therefore, not of much conse- 
quence as life guards but could in fact be extremely danger- 
ous under these conditions. 


Our course eventually changed as the vessel quickly swung 
into the narrows. We had proceeded some miles at a fast 
speed, when, on account of the combination of wind and 
tide and the eddies peculiar to the narrows, the forward foil 
broke flight and the bow and fore part of the superstructure 
plunged into the sea. I was in the cockpit at the time which 
overlooked the forward saloon casing. The engine was immedi- 
ately cut. Our V.I.P.s in the fore part very hurriedly scram- 
bled out, drenched to the skin, as the vessel settled in the 
water with very cranky stability. 

It was found that the one-piece car-type windscreen forward 
had been pushed out of the rubber frame in the plunge and 
the whole of the saloon well had become flooded to a level 
with the sill. The vessel was held stern to the wind whilst, 
very hastily, canvas was rigged over the opening. At this 
time the considerable quantity of water above the waterline 
was making her a sick ship and every wave threatened to 
capsize the craft. Someone remembered a small drain in the 
after part of the saloon deck. The rubber bung was pulled 
and this released the water to the engine room bilge, so by 
degrees stability was restored and the vessel made for a port 
of refuge. 

At no time have the requirements for freeboard been 
brought so forcefully to my attention. The vessel was exempt 
from freeboard regulations but it is significant to report that 
ultimately modifications were carried out on the forward win- 
dow when a metal frame and form of deadlight were fitted, 
also the guard rails at the side of the wheelhouse were increased 
in height to say nothing of a substantial draining arrangement 
being provided in the saloon. 

I have noted with much satisfaction that a metal framed 
forward window exists on the local vessel. 


Mr. W. R. D. SAXTON 


There are no classed hydrofoils in Sweden, but we are 
informed that in the case of the Sirena, a hydrofoil of 
Supramar design which, in the summer months, plies between 
Stockholm and Mariehamn, it is necessary to change the 
propellers each fortnight. This represents about 70 hours 
service between changes, and is occasioned by cavitation on 
the after side of the blades. Two sets of bronze propellers 
are used so that while the cavitation in one set is being 
repaired the other set is in service. 


Mr. J. CRAWFORD 


The Authors are to be congratulated on producing an 
interesting and constructive paper on this type of vessel, 
which, together with a film showing two prototype hydrofoil 
craft crossing from Holland to the U.K., made for a pleasant 
and instructive evening. 

It was interesting to note that the crossing to the Tonge 
light-vessel was made in approximately 2 hours 45 minutes 
not much longer than it takes me to get home from the 
office! I do not think, judging from the film, that the cross- 
ing would have been very comfortable for any passengers 
as it appeared to be a “bumpy” crossing, and whilst as in a 
car the driver has the steering wheel to steady himself with, 
the passenger has nothing unless he holds on to the seat in 
front, which draws my attention to a very appropriate head- 
ing in the evening paper “Fasten Your Safety Belts”. I would 
ask the Authors if safety belts are in fact a part of the 
internal fittings for this type and size of vessel? 


Also, could the Authors say whether these craft provide 
for a comfortable passage or otherwise? 

From the numerous sketches and graphs which abound in 
the paper it is obvious that the Authors have gone to a great 
deal of trouble to explain the problems posed in the con- 
struction and running of this type of vessel. 

No mention, however, is made of the pumping arrange- 
ments and it may be well to mention that, since the hydrofoil 
is a sea-borne vessel, it would appear from the point of view 
of classification the pumping arrangements should comply 
with the Rules and Regulations for Steel Ships, due considera- 
tion being given to class and service limits. 

So far as | am aware all hydrofoil craft classed with the 
Society to date have been approved for restricted service. 
Should, however, a large craft of this type, intended for un- 
restricted service, be proposed for classification I would 
envisage some difficulty with regard to the provision of 
standby bilge pumps and lubricating oil and cooling water 
supplies, since if one looks at the power of the main propel- 
ling units (see Table on page 20) it would seem that it would 
be necessary to provide these standby services. 


Mr. D. H. INNS 


The Authors have concluded their highly interesting paper 
with a brief reference to the desirability for a new approach 
to classification in the case of the hydrofoil, this leading 
presumably to the formulation of Rules or Guidance Notes 
relating specifically to this type of craft. 

The paper highlights sufficient peculiarities and problems 
of hydrofoil engineering to indicate that some features treated 
as exceptions or special cases under existing Rules may, in 
fact, become the “rule” in this particular field. The need for 
specific guidance is clearly established; the form such guid- 
ance would take is not so clear. 

Reference is made to the inter-relation of such aspects as 
design criteria and service requirements. Thus, for example, 
with the light hull scantlings essential to hydrofoils, un- 
restricted service is unlikely in the near future and some 
limitation of operational parameters such as wave height or 
speed will be necessary. The proposed operational limitations 
must be clearly defined before the design can be assessed as 
suitable or otherwise for the intended service. 

Design criteria will therefore vary and will depend on 
operational limitations. In turn, once designed, the craft must 
be operated rigidly within the limitations to ensure satisfac- 
tory service. 

Likewise in the case of the machinery, the necessary high 
power/weight ratio can be attained only at the expense of 
limited service life for some components, based on the fatigue 
or possibly creep properties, even when advanced materials 
are used. Regular replacement of such expendable com- 
ponents must be accepted and featured in the normal 
maintenance schedule. This aspect must be considered when 
assessing the design, and in turn the maintenance schedule 
must be carefully adhered to in service. 

Bearing in mind that these aspects are variable and inter- 
dependent, it would seem that classification must be based 
on a flexible system of guiding principles rather than a set of 
rigid rules. 

Thus, for example, instead of specifying particular rule- 
sizes for scantlings or limiting stresses in service, the emphasis 
should rather be that the Society must be satisfied in general 
terms that components are designed for a given factor of 


safety in service, determined on the basis of the most arduous 
operational conditions imposed and their intended length of 
service life. 

Apart from the above, new problems are likely to be 
encountered in other spheres of classification. One possibility 
is the need for redefining the functions of the Society’s 
Surveyors. 

Taking the case of gas-turbine engine construction, the pro- 
cess tends to follow the lines of continuous-flow production, 
testing and inspection being carried out at all stages by the 
firm’s own inspectorate. This system is common in the aircraft 
engineering field and is found to work adequately in practice. 
The function of “Survey during Construction” would, there- 
fore, seem to be to ensure that inspection and _ testing 
procedures are properly carried out by the firm’s personnel, 
rather than have the Surveyors carry out these duties them- 
selves, the latter process presumably requiring constant 
attendance. 


AUTHORS’ 


The Authors wish to thank all those who have contributed 
to this paper and also those who, while not actually contri- 
buting, have raised a number of points in informal discussions 
since the paper was presented. 

Before replying to the specific topics raised there are one 
or two points that need clarifying or correcting : — 


(i) The units of the vertical scale of Fig. 1 are lb./ton. 


(ii) In the last paragraph of Part 2 (on page 12) it would, 
perhaps, be better to speak of the hydrofoil’s displace- 
ment being determined by the “propulsion capabilities” 
of the propellers rather than by the cavitation charac- 
teristics. 


(iii) The units on the vertical scale of Fig. 22 should read 
Pee 


2240? 


(iv) The formula half-way down the second column of page 
14 shows E and f both above and below the line. This 
was done as it is the way in which the Author uses the 
formula thereby avoiding fractional powers. The value 
of P, is to be taken as -0533V,.,", as for the other 
method. 


(v) The values shown in the Tables on pages 18 and 19 are 
derived from publicity and other similar literature and 
may not all, therefore, be on a strictly comparable basis. 


(vi) On the second line below Fig. 29 (on page 23) N should 
read N, 
(vii) In the Appendix the number of passengers on the 


Sputnik should be 300. The figure of 700 was a misprint. 


To Mr. DAVIES 


The majority of hydrofoil vessels are operating in the 
Soviet Union. Figures are easy to come by but are so contra- 
dictory that none can be regarded as being reliable. It would, 
however, appear that craft of this type are now in service in 
almost all parts of the U.S.S.R. There were, for instance, 
18 routes with scheduled services in the Russian Federation 
(The U.S.S.R’s largest state) last summer. It is reported that 


Likewise, in service it is essential that the hydrofoil be 
serviced and maintained on a continuous basis in accordance 
with a carefully planned maintenance schedule. Such a system 
cannot be supervised at all times by a Surveyor, although 
opportunity for examination will arise at times of machinery 
replacement on the overhaul-life basis. Adherence to the 
essential continuous maintenance schedule must, therefore, 
become the responsibility of the owners and be verified by 
the Surveyor by inspection of the entries in a properly kept 
log book in addition to general indications of appearance. 


Finally, bearing in mind the high performance potential of 
the hydrofoil and the sophisticated nature of the engineering 
and control systems involved, it may well be that the Society 
should also be satisfied as to the adequate training and 
experience of the operating and maintenance personnel as a 
requirement of classification. 


Who knows? Maybe the Authors have the answers. 


REPLY 


the majority of passengers on the Caspian are now carried by 
hydrofoils and that hydrofoils provide a considerable per- 
centage of the passenger mile services on the big Siberian 
rivers. In addition, great use is made of small water taxis of 
the “Molnia” type which were first used, so far as the Authors 
know, in 1957 and were being produced (if the stated total 
of “several hundred in four years”, quoted in 1961, is correct) 
at a rate of at least two per week, at that time. 

Also in 1961 it was reported that there were over 60 
“Raketa” class craft in operation, indicating a production 
rate of 25 a year, and nine Meteors in service with 75 on 
order and a production rate “in excess of six per year”. It is 
understood that the first Sputnik also came into service in 
1961 and it was believed that they were planned for a pro- 
duction rate of about one every ten weeks. 

It was reported in 1963 that the total number of large hydro- 
foil craft (i.e. excluding the “Molnia” class) had increased 
by 50 per cent since 1961, which would make a total of 
rather more than 100 large vessels. There would be, by then, 
probably some 250 to 400 Molnia vessels (possibly twice that 
many) actually operating commercially. 

From various press releases it would seem that there are 
now some nine or ten classes of vessel under construction on 
a production line basis, and that there are at least 700, 
including 250 large craft, in commercial use. The three main 
construction yards are said to be at Gorki on the Volga 
River, at Batumi on the Black Sea close to the Turkish border 
and at Gomel, in Byelorussia, on a tributary of the Dnepr 
(Dnieper) River. 

Hydrofoil vessels of Swiss design are now being built in 
about half a dozen different countries. There were 79 Supra- 
mar boats in service at the time the paper was written in 
early 1965, and in May it was announced that the total built 
was standing at 86. Of these about two-thirds were built in 
Italy and a quarter in Japan, and they were in service on 
routes in at least 23 countries. 

The main British designer is Mr. C. Hook, who informed 
the Authors in December, 1965, that he had given permission 
or instructions for between 90 and 100 vessels to be built 
incorporating hydrofin patents. It is understood that these 


craft vary from water-ski launches to landing craft in size, 
and have mostly been constructed in the U.S.A. 

Other British designers have been less successful but there 
are at least eight other types of craft operational, mainly as 
small prototype models. 

In the U.S.A. stress has been put on research rather than 
production and the Authors have details of more than 30 
American designs. 

The work is so scattered that accurate details of produc- 
tion figures have proved to be unobtainable but the Authors 
estimate that there are not less than 150 vessels afloat in the 
U.S.A. including those to hydrofin and other foreign designs. 

Japan is rapidly becoming one of the world’s major hydro- 
foil nations. The Authors have details of eleven indigeneous 
and four foreign designs which Japanese yards now have avail- 
able for commercial production. 

The total number of craft in service and on order is not 
known but it certainly exceeds 70. 

A major research programme was announced in 1962 with 
a budget allocation of 1,000 million yen to cover a four-year 
period, so the tempo should increase even more in the near 
future. 

Mention is made, in the Appendix to the paper, to Holland. 
Most Dutch hydrofoils are manufactured to designs by the 
Aquavion group of companies, who have connections in a 
number of countries. The original patents are understood to 
be Swedish and to have been bought at various times by 
French and then British interests, so it is difficult to specify 
them as being of any one nationality without causing a mis- 
understanding. 

Total production figures have not been published but are 
understood to be approaching 25. 

A recent photograph showed 16 of the “Aquavit” class 
boats on a production line in one Dutch yard. 

Hungary is known to be producing at least two types of 
hydrofoil vessel on a commercial scale, one a river ferry type 
of 79 ft. 6 in. long and 24} tons displacement and the other 
a small “run-about” type propelled by means of an outboard 
motor. 

Canada has concentrated on research into vessels for naval 
service. Most of the early vessels are now scrapped so it is 
doubtful if more than a dozen are now afloat, but if the 
F.H.E. 400 proves a complete success on trials there could be 
a sudden change in the situation. 

The newest entrant to the market is Poland where the first 
of an initial batch of six 76-seat ferry craft completed its 
trials in the autumn of 1965. 

With regard to Fig. 26 the modern tendency to test scale 
models of new designs has eliminated take-off failures except 
for amateur designs but such trouble was not uncommon 
pre-war. 

The conclusion to the paper has been rewritten for the reprint 
to avoid confusion. The present evidence is that it is unlikely 
that economic considerations will enable hydrofoil craft to 
remain profitable for as long as passenger ships of more 
traditional design, but it is agreed that the “life expectancy 
of somewhat less than one-half that of a marine installation” 
was intended to refer to the main machinery. 

From the point of view of hull design of vessels for 
sheltered water conditions, a reduction in life expectancy 
would hardly affect the statistically expected stress levels and 
reductions in scantlings would be insignificant, even if any 
were permitted at all, on this account. 


To Mr. REID 


It is agreed that the Load Line Convention does not seem 
to have considered the issuing of freeboards to hydrofoil 
craft; in fact, the only mention that the Authors could find 
in the draft proposals for the 1966 Convention was an amend- 
ment, proposed by the U.K., to exempt hydrofoil and air 
cushion craft from the proposed requirements, under certain 
safeguards. 

The displacement problem is not very simple. On one 
60-ton vessel investigated by the Authors, the geometric free- 
board would allow a displacement of almost 118 tons (nearly 
twice the maximum for “take off” with the installed propul- 
sion system. According to the Authors’ stress calculations the 
fact that the craft could not then fly would permit a reduction 
in some scantlings for this increased draught. This may, of 
course, be an exceptional case (the Authors have not checked 
any other craft), but it does indicate that care will have to 
be exercised, especially as no-one is likely to accept a pro- 
posal which appears to demand that the freeboard of a vessel 
should depend on its ability to attain a predetermined service 
speed. 

Another point that will need careful handling is the defini- 
tion of length. Some craft have bow rudders, some no rudders 
and some have rudders attached to the after foils, the foils 
being designed to hinge up when not in use. H. S. Denison is 
an example of this last type and it is understood that in this 
case the centre of the horizontal hinge pin is used as the 
after terminal of length in certain calculations. 

The Authors also understand that experiments are in hand 
on craft with variable hull geometry including a trimaran the 
hulls of which are adjustable, fore and aft, relative to one 
another. If these are a success it would seem likely that it 
will be a logical step to use such an arrangement for canard 
or aeroplane hydrofoil systems and once again length will be 
difficult to define. 

The Authors feel that permeabilities should be calculated 
with the passengers and crew on deck, not submerged up to 
their necks as is sometimes suggested. 

There seems to be no over-riding reason why hydrofoil 
craft should be required to carry solid foam buoyancy up to 
100 per cent of that required to float the craft when fully 
flooded. This is not needed for ordinary motor launches or 
for air cushion vehicles, so far as the Authors are aware. The 
Authors feel that, even for small craft, a four or five com- 
partment standard with both air and suction pipes led to the 
bottom of buoyancy spaces (dry tanks), so as to trap air in 
the tanks in the event of damage, would be enough in many 
cases and would weigh less than solid foam. 

It would appear that solid foam (or its equivalent) was first 
required by the Italian Authorities and has subsequently been 
fitted in craft operating in at least ten other countries so the 
arrangement has now become almost established practice. 

Some hydrofoil craft have foils, the angles of incidence of 
which are adjusted by means of rams, or equivalent mechan- 
isms, fitted onto an adjacent watertight bulkhead within the 
hull. It has been found that in a collision of such a vessel 
with a large log, the bulkhead can be wrecked, so it might be 
more profitable to ban the use of bulkheads for this purpose 
rather than to insist on the installation of large amounts of 
foam. 


To Mr. DE PERROT 


Resin bonded structures are a subject in themselves and 
the papers read at one symposium have been published as a 


book (see Ref. 32). Structures of this type have now been in 
use for some 30 years and are extensively fitted as stress bear- 
ing parts of many modern aircraft, generally in the form of 
laminates or as honeycomb sandwiches, the former being 
particularly efficient at resisting fatigue failures and the latter 
because savings of up to 85 per cent weight for a given 
strength can be made under ideal conditions. 

A considerable number of resins are in use for various 
purposes but the Authors feel that for main stress bearing 
structures operating in marine conditions, and especially when 
subjected to soaking, the vinyl phenolic thermo setting types 
are generally the most suitable. 

When using vinyl phenolic thermo setting adhesives it is 
well worth while to keep the following points in mind: — 


1. It is almost impossible to “survey” bonded structures with 
a view to checking the efficiency of bond once the bond- 
ing process is complete, but it is sometimes possible to test 
offcuts to destruction in order to ascertain peel strengths, 
etc., of laminated items. 


2. Glue line thickness is critical. Excess adhesive thickness 
results in a dramatic loss of bond strength. 
One resin is formulated to give maximum strength with a 
bond thickness of 0:006 in. 
Design data for this material assumes a maximum thick- 
ness, in practice, not exceeding 0:01 in. at which the shear 
strength of a simple lap joint is 4,500 Ib./in.2 +100 Ib. /in.?. 
Increasing the bond thickness to 0:02 in. results in a drop 
in shear strength to 600 Ib./in.2 with a scatter of +500 
lb./in.? which means that in practice the strength must be 
assumed to be zero. 


3. Because of the need to keep adhesive thickness to a mini- 
mum it is essential 


(i) to have very accurately made jigs (or else to resort to 
special vacuum bag or similar processes of manufac- 
ture), 


(ii) to apply considerable pressure, generally in the range 
of 100 Ib. to 200 Ib./in.*, throughout the curing 
process, 


(iii) to use laminated construction in preference to thick 
material. 


It is normal to use aluminium sheets of 16 to 20 gauge 
for laminating all curved surfaces, but lamination of these 
sheets up to a total of } in. or more can be processed in 
one operation. 

Special care has to be taken at corners due to the possible 
migration of the adhesive to these areas, but this can be 
overcome either by flanging the material after bonding or 
by using solid inserts for such positions, e.g. the leading 
edge of a hydrofoil or rudder would probably best be 
produced as a solid extrusion. 


4. No particular precautions are normally needed for these 
vinyl phenolic materials insofar as humidity and ventila- 
tion are concerned (they differ from glass reinforced poly- 
ester in this respect), but proper surface preparation of 
the metal is absolutely critical and failures in this respect 
are the main cause of poor quality bonds in practice. 


5. These resins are sometimes used in the form of film and 
some types of film use a glass cloth carrier for reinforce- 
ment purposes. 

When this is used, which is mainly on honeycomb sand- 
wich construction, care must be taken to ensure that raw 
edges are not exposed to petrol, etc., as it has been found 


that in certain circumstances capillary action along the 
glass fibres can transfer vapour into spaces outside the 
tanks and an explosive mixture can be built up under 
adverse conditions. 


6. When using honeycomb types of construction note must 
be taken of very localised stresses, such as might occur 
under stiletto heels or if a spanner is dropped, and the 
minimum surface layer thickness determined accordingly. 
Bolts and other fastenings are usually attached to solid 
insets. 

The most common method of fabrication is to place the 
structure, enclosed in a vacuum bag, into an autoclave in 
which the necessary heat and pressure are supplied by 
electric heaters and compressed air respectively. 

As the equipment is expensive it is normal for such work 
to be done by specialist firms; usually large aircraft 
companies. 

With reference to cavitation problems it is agreed that 
cavitation can occur at 30 knots, in fact it is not unknown 
at speeds much less than that but the state of the art is such 
that, given a new design and sufficient funds for a reasonable 
series of model tests it is now possible to avoid really serious 
problems at speeds of up to about 40 knots. Attempting to 
modify existing craft is more difficult but even here progress 
has been made. One design, of which the Authors have some 
knowledge, was obtaining only about 35 to 70 hours at full 
power from each propeller 12 years ago. The same class of 
vessel now attains about 400 to 1000 hours for each propeller 
depending on its operating location (silt, debris, etc., having a 
marked effect on the attained results), but see Mr. Saxton’s 
contribution on this subject. 

Most commercial craft still use propellers with a fine trail- 
ing edge to their blades. 

The Authors understand that two P.T.130 craft are under 
construction at the present time, one with diesel power and 
one with gas turbines. 

The Norwegians are understood to be building the diesel 
version with dimensions as follows: — 


Weight (loaded) = 142 tons 
L.OcA. = 139 ft. Oin. 
Hull beam = 23 ft. 3:in. 
Foil beam 47 ft. 3 in. 
Max. draught = 16 ft. 8 in. 
Flying draught =  7ft.2in. 
Number of passengers = 250 
Service speed = 45 knots 


Machinery =2 x 3600 h.p. diesels 
Make Maybach/ Daimler Benz 
Designation =M D 870 

R.p.m. at continuous h.p. =1700 


Fuel consumption at continuous h.p.=0°37 Ib./h.p./ hour 
approx. 

Specific weight 4°91 Ib./h.p. approx. 

Specific volume 0°129 craft/h.p. approx. 


To Mr. EVANS 

The Authors are sorry to hear of the high damage rate 
suffered by the propellers but harbours are notorious for 
driftwood, etc., and hydrofoils, having no hull or bow wash 
to act as a protection are particularly prone to suffer propeller 
damage from this cause. They are, however, less prone than 
other craft to having their cooling water inlets blocked by 
plastic bags (another, and increasing, harbour hazard) and as 
mentioned in the paper, the foils are remarkably immune to 


damage from driftwood, e.g. Paper 2h from the S.N.A.M.E. 
symposium [31] mentions a P.T. 20 craft that hit a log 14 in. 
diameter x 66 in. long with no noticeable effect but a slight 
loss of lift at top speed. In port, later, the log was found still 
lodged on the foil below the high-speed waterline. 

This same paper refers to an experimental drilling of two 
holes through the root of each propeller blade as a means of 
decreasing cavitation damage—with successful results. 

The damage to the shell plating is most probably due to 
sewage. The Sydney-based hydrofoils are made of very good 
marine quality material and it is understood that those in 
New Zealand are also. Unless a suitable paint can be dis- 
covered (a matter of local experiment) there is little that can 
be done unless it is found that the vessel is berthed close to 
sewer outfall, and can be moved. 

When running along a big lazy swell it can sometimes be 
arranged that the craft can be headed to remain in a trough 
for some miles—this has been done effectively on a West 
Indies inter-island service. 

The exciting incident on board the other hydrofoil vessel 
was, of course, a bad example of the now classic “crash”. 
Experience gained since that time is such that speed, course 
and even basic design can be modified to avoid unexpected 
repetitions of such accidents. 


To Mr. SAXTON 

The figures quoted for the Sirena are understood to be 
about average for craft (with inclined propeller shafts) on 
which this system of propeller maintenance is practised. 


To Mr. CRAWFORD 


The vessel shown in the film crossing the North Sea from 
Holland to the U.K. was an Aquavit 10 P craft with an 
overall length of only 23 ft. Of in. so the motion should, if 
one is fair, be compared with a motor boat rather than with 
a ship. 

Impact accelerations have been measured on the Waterman 
(which is one of this type and was the first hydrofoil craft to 
be classed with the Society) and the values were only about 
half those for similar size of motor launch at the same speed 
in 18-in. waves. 

Passenger reactions against high impact values would 
render such vessels uneconomic long before seat belts were 
necessary for non-emergency use and such belts are not there- 
fore fitted to the passenger seats of any commercial craft of 
which the Authors are aware. 

The general level of accommodation in the larger craft is 
closely related to aircraft standards and tends to be superior 
to that of ordinary ferries. 

Bilge pumping arrangements tend to be very simple, in 
many cases all spaces drain, by gravity, into a single sump 
and are pumped overboard from there. In view of the present 
common requirements for solid foam buoyancy to be built 
into the vessels, sufficient to maintain them afloat when fully 
flooded, bilge pumps do not have the same “safety” impor- 
tance on hydrofoils as on normal vessels, but if foam is 
omitted then a more thorough bilge suction system will be 
required. 

Fully sea-going craft are unlikely to be of less than about 
250 to 300 tons. Such craft will almost certainly be multi- 
engined and standby pumps should be no great problem. 


To Mr. INNS 


The points raised in this contribution are concerned very 
largely with questions of policy which are decided by the 


Committee who do, of course, consider all aspects of classi- 

fication, not merely technical convenience. 

This being so the Authors would not like to forecast what 
changes, if any, will be made to the present survey proce- 
dures. A few personal ideas, may, however, be expressed as 
follows: — 

(a) Classification rules are written against a background of 
Government safety legislation covering everything from 
freeboards to the certification of ships’ officers and it 
would appear most unlikely that any advantage would 
be gained in duplicating requirements covering minimum 
crew qualifications for ships. If changes are required in 
safety requirements it would generally seem better to 
press for amended legislation rather than to incorporate 
them in the Society’s rules. 

(b) The increasing use of electronics, remote control gear 
and structural items working close to their fatigue limits 
means that increasing importance will have to be placed 
on means of ensuring reliability other than by the normal 
“Survey during Construction”. This involves more than’ 
one aspect of the manufacturing process. Ensuring that a 
manufacturer’s own inspection and quality control pro- 
cedures are effectively maintained is one of them, others 
are to require: — 

(i) Long-term trials of certain items—say up to 250 or 
300 hours for some electronic circuits, and 
(ii) Proper consideration to be given to reliability theory, 
e.g. it is not always realised that, from the viewpoint 
of maintaining scheduled services, twin engined 
hydrofoil craft can be less reliable than single 
engine ones (half power being insufficient to get most 
vessels over the resistance hump if one engine breaks 
down). 

It is agreed that it may not always be possible at some 
future date for one of the Society’s Surveyors to attend all 
stages of the production of machinery on a continuous-flow 
production line, and access difliculties to vessels operating far 
from the main shipping ports may well make attendance of 
a Surveyor at “continuous survey” inspections uneconomic, 
but the Authors’ own experience (and certain published data, 
e.g. [33] seems to underline this) is that human nature being 
what it is, the Society will not be able to transfer to other 
people the basic responsibility for ensuring that all work is to 
the Society’s standards and requirements. 
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SALVAGE ASSOCIATION 


DAMAGE SURVEYS 


by S. Sedgwick 


DAMAGE REPORT (HULL AND ENGINE) 


When considering the subject of Damage Surveys carried 
out directly or indirectly at the request of the Salvage Asso- 
ciation it is appropriate to begin with a brief description of 
that body. 

Founded in 1856, it is a non-profit-making organisation 
and, although generally known as the Salvage Association, its 
lega! title is “The Association for the Protection of Commer- 
cial Interests as respects Wrecked and Damaged Property”. 

Incorporated in 1867, it has a Royal Charter and the word- 
ing in its armorial bearings, viz. ‘“Quaerite Vera’ may be 
translated as “Seek the Truth”. 

Its Head Office is in Lloyd’s Building, London, where the 
overall control of affairs is vested in a Chairman, Deputy 
Chairman and a Committee elected from Underwriting inter- 
ests both at Lloyd’s and from companies having marine 
insurance interests. 

Administration of the Salvage Association rests with one 
or more Managing Secretaries with administrative, clerical 
and technical staff and other than London, there are exclusive 
offices in Antwerp, Cardiff, Chicago, Cleveland, Glasgow, 
Halifax, Hamburg, Jacksonville, Montreal, New Orleans, 
New York, Portland, Southampton, Toronto and Vancouver. 

These latter are essentially surveying offices staffed by 
marine surveyors with clerical assistance. 

As indicated by the title of the Salvage Association its 
function is to “Seek the Truth! in the protection of commer- 
cial interests. 

Lloyd’s Agents are to be found in all important districts 
and ports throughout the world and although these Agents 
derive their appointment from the Corporation of Lloyd’s to 
whom they are responsible for the day-to-day representation 
of Underwriters’ business, they also almost invariably act on 
behalf of the Salvage Association. 

Classification Surveyors will know from their “Instructions 
to Surveyors” that when a Lloyd’s Agent is approached 
regarding damage cases, he is empowered to appoint a Sur- 
veyor who, where available, should be an Officer of the 
Salvage Association but where such an exclusive Surveyor is 
not available, the Corporation of Lloyd’s usually prefers the 
attendance of a Surveyor to Lloyd’s Register of Shipping if 
there is one in the district. 

The following notes are, therefore, intended as a guide to 
the latter Surveyors when called upon to conduct or attend 
Damage Surveys. 

The instructing body will almost invariably be Lloyd’s 
Agent but, if during the course of normal duties a Surveyor 
is requested to carry out a Damage Survey by any person 
other than a Lloyd’s Agent or the interest he represents, the 
Surveyor should notify Lloyd’s Agent promptly to enable him 
to advise his Principals and ascertain whether they are likely 
to be concerned with such damage. 

It is very rarely indeed that a Surveyor is called upon to 
survey damaged cargoes or commodities other than a ship’s 
apparel and if such a request be made he should also in this 
instance immediately communicate with Lloyd’s Agent before 
acceding to any such request. 


Additionally, if a request is made, other than by Lloyd’s 
Agent, for survey of fixed objects such as quays, piers, etc., 
the Surveyor should communicate with Lloyd’s Agent for it 
quite frequently happens that Marine Underwriters, i.e. those 
concerned in a vessel are not concerned in damage to fixed 
structures, however caused, the liability for damage to, or 
repairs to these structures, often lying in other directions. 

Thus, consideration now centres on the survey of damage 
to the hulls, machinery, the equipment and apparel of mer- 
chant ships in which Marine Underwriters may be concerned. 

A properly authenticated request for survey having been 
made by an Owner in respect of damage it is to be expected 
that permission to conduct a Survey will not be withheld by 
the Owner but, nevertheless, the Surveyor should advise the 
Master or Officer in charge of a vessel of his attendance on 
their vessel for the purpose of conducting a damage survey. 


There may be occasions when full survey cannot be carried 
out, e.g. a fully laden vessel sustaining shell damage. In such 
circumstances, unless the damage is so serious as to warrant 
discharge of the cargo, the Surveyor will probably be unable 
to make internal examination of the vessel and will place this 
fact on record in his Report. It is often possible, however, to 
give some indication of the extent of internal damage by 
mention of the number of shell frames or deck beams seen 
to be damaged or by giving a total length and width of steel- 
work seen to be set in. 

If at survey, steelwork is seen to be heavily wasted in 
addition to having sustained accidental damage and requiring 
renewal, the Surveyor need not be unduly concerned about 
new steelwork of original scantlings being fitted in lieu of 
wasted plating, for this question of “new for old” is dealt 
with by the Average Adjuster in due course. For the guidance 
of the Average Adjuster, mention should be made of the 
wasted condition of the steelwork in addition to the damage 
it may have sustained. 

However, there may be occasions when steelwork has 
failed simply due to its lack of strength, in other words by 
wear and tear, and if it is the Surveyor’s opinion that this 
steelwork failed due to this cause, he is required to say so in 
his report. 

There may be occasions, indeed they frequently occur, 
where steelwork being damaged should be dealt with by 
judicious cropping instead of complete renewal, but where the 
claimant is insistent upon complete renewal. If the Surveyor 
is of opinion that cropping, etc., would be an effective repair 
and this course is also approved by the Classification Surveyor 
for the vessel, that should be the extent of the recommenda- 
tion in his report, accompanied by the remark that the Owner 
decided to renew the steelwork in its entirety. In this con- 
nection the Owner is expected to act as any prudent uninsured 
Owner would act in similar circumstances and to this it may 
be added that, if the Underwriter is found to be liable for any 
damage, his liability is for the reasonable cost of repairs. 

This latter should also be borne in mind when discussing 
costs of repairs and it therefore is a matter of importance for 
an Owner to agree to the cost of repairs in such a sum as will 
suffice to obtain the approval of the Surveyor. 


The purpose of the survey is to ascertain the cause, nature 
and extent of damage, the recommendations and/or measures 
to be taken to rectify the damage and the cost involved in 
such measures. The time involved in repairs is important 
from an Owner’s point of view and may be variable accord- 
ing to local conditions and Owner’s wishes but, in the event 
that Underwriters have any liability in respect of damage it 
would not necessarily follow that such a liability extends to 
the time to effect repairs. The exception to this situation 
would be in the case of Underwriters subscribing to a “Loss 
of Hire” or “Loss of Earnings” policy or anything of similar 
character for which the Surveyor would receive special 
instructions. 

The Surveyor having attended on board a vessel in con- 
nection with damage will be advised as to the particular 
circumstances, that is to say, the alleged cause of the damage. 
It is always preferable for the Surveyor to examine the log 
books as he is entitled to do, when acting on behalf of Under- 
writers concerned on that vessel. 

There is, however, an important exception to this in the 
cases where a Surveyor is attending on board one vessel but 
on behalf of the interests in another vessel and this aspect 
will be referred to later. 

Examination of log books can sometimes be a long and 
tedious task but nevertheless it is one to be undertaken when- 
ever possible for this reason: — 

it sometimes happens that, over a period, different Under- 
writers are concerned in a particular vessel or, of course, are 
not concerned at all. It is therefore necessary for a Surveyor 
to satisfy himself that the damage seen is either authenticated 
or can reasonably be associated with the given date in order 
that liability if any falls where it properly belongs. 

To prevent undue delay in the conduct of a survey, it is 
customary for extracts of logs to be produced but, neverthe- 
less, the Jog books should be examined, if written in language 
with which the Surveyor is familiar, at the earliest oppor- 
tunity. 

The Owner being the claimant, it is always preferable that 
he should either be present or at least represented by his 
Superintendent or Consultant at a damage survey. This is not 
always possible, particularly in the more remote outports and 
in such cases the Master should be advised that survey is to 
be carried out so that he may take steps to provide representa- 
tion of Owners’ interests. 

Considering firstly the hull of a vessel, the usual causes of 
damage are grounding, fire and/or explosion, heavy weather 
and collision. In this latter connection collision could be with 
a floating object or with a fixed object and it is essential that 
correct identification and attribution be made in such cases 
for there may be very important considerations of liability 
attaching. 

In the case of grounding, the necessity for examination of 
log books becomes apparent for a stranded vessel may only 
have been logged as being on the ground, for example, at the 
forepart and therefore any damage such as indentation of shell 
plating on the after part of the vessel, deformity of stern 
frame, etc., could not be reasonably associated with such a 
grounding and may have had origins on some earlier occasion 
of which the attending Surveyor may not have been aware. 

To maintain uniformity of practice, it is desired that a keel 
strake be always referred to as such with “A” strake plates 
adjacent and so on. It is desired to have uniformity in the 
numbering of shell plating but this is not always possible, for 
in some cases the Surveyor, perhaps with a shell expansion 
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available, may record the plate numbers from aft whilst others 
find it more convenient to number from forward, but in all 
cases the report should make it clear whether the numbering 
is from forward or aft. 

This is important for identification purposes for when, in 
due course, the Report is examined in relation to a particular 
claim it is frequently necessary to bring into consideration 
previously sustained damage and to determine whether any 
part has sustained fresh damage or damage superimposed on 
old damage. 

When reporting damage to internal structure the Surveyor 
should whenever possible state whether a floor or frame 
number represents a tank end or bulkhead and for all struc- 
ture should give the dimensions of the damaged portions. 
This is particularly desirable in the case of deferred damage 
repairs where, at some later stage, the weight of steel involved 
has to be calculated. 

Reference should also be made to the nature of the damage, 
indicating whether steelwork is set up or set in bodily or 
whether locally or between frames, whether it is buckled, 
fractured, etc. 

An allegation of damage in stated circumstances having 
been made, the Surveyor will form his own opinion from 
personal observation whether that allegation is well founded 
and reasonably attributed to the stated circumstances. 

An example may be quoted in the case of a vessel which 
had grounded but which was not insured against accidental 
damage. If, during the course of efforts to refloat, the bottom 
of the vessel sustained damage additional to that sustained 
solely due to grounding, these damages found are to be 
recorded separately in the report and quite often the damages 
seen are separable ; for instance, transverse or diagonal scoring 
or damage seen on a vessel known to have been going ahead 
at the time of grounding may be indicative of damage done 
whilst swinging the vessel in astern movements in efforts to 
refloat. 

The notes taken by the Surveyor should be as copious as 
circumstances permit, always bearing in mind (a) that they 
will be on the basis on which a Contractor will carry out 
repairs or (b) in the case of deferred repairs or repairs for 
which tenders are to be sought they should represent the full 
extent of repairs and, by calculation, the cost of same. 

The Surveyor will always have regard to the fact that he 
fas no authority to give instructions for the execution of 
damage repairs; that is the prerogative of the Owners who 
by so doing take upon themselves the responsibility for pay- 
ment of all expenses incurred thereby and the question of 
liability of Underwriters is one to be determined after con- 
sideration of all the facts. 

For this reason, when the costs of repair come under 
discussion, they are never to be “agreed” by the Surveyor 
whose comment should be limited to approval—or otherwise 
—of costs. 

On the subject of costs, it is not possible to lay down hard 
and fast rules or to advise in terms that will meet every case. 
The basic principle is that they shall be fair and reasonable 
in relation to the circumstances and in amounts that a prudent 
uninsured Owner would incur. Most Surveyors will, by resi- 
dence in a particular district, acquire and accumulate experi- 
ence as to the prevailing rates for ship repairs and if called 
upon to approve costs which appear excessive or unwarranted 
will be able to express an opinion based upon personal pro- 
fessional knowledge 


Inasmuch as all surveys attended by Surveyors are con- 
ducted without prejudice as to Underwriters liability in that 
no Surveyor is authorised to commit Underwriters to liability, 
it must be added that whenever circumstances arise which are 
palpably inimical to any liability which may be directed 
towards Underwriters, whether it embraces the cause, nature, 
extent or cost of the repairs, the Surveyor should note same 
very strictly without prejudice advising those attending at the 
survey of this intention. 

Mention should now be made of surveys held on a vessel 
or interest without prejudice on behalf of another vessel or 
interest which for convenience will be referred to as a survey 
on Ship B without prejudice on behalf of Ship A. 

In such cases, as previously stated, the Surveyor has no 
authority to examine the log books but could expect to be 
informed as to the date, time, place, etc., in which Ship A, 
which he represents, is alleged to have damaged Ship B. 

Similarly he has no authority to recommend the nature or 
extent of repairs but on the other hand he is required to note 
what is alleged to be damage done by Ship A and to place 
on record the remedial steps being taken and, if he considers 
same to be unreasonable and prejudicial to the interests he 
represents, to place his comments on record in order to protect 
fully the interests he represents. 

His notes should be as copious as possible and, in the case 
of collision, should suffice whenever possible to determine the 
angle of blow and respective speeds of the vessels involved 
(see Appendix). 

Collisions between vessels can often result in litigation and 
when attending collision damage surveys, the Surveyor should 
make his own record as quickly as possible as to the draughts 
of the vessel or, if discharge or loading has taken place after 
the collision, to ascertain the draughts at the time of collision 
for, whilst ship plans may be produced later the heights of 
damage on respective vessels can only be determined by their 
draughts at the time of contact. 

It is also helpful if the Surveyor can test the whistle, 
examine (see working if possible) the steering gear and if the 
collision took place in the hours of darkness to check that 
the navigating lights were in good order. 

There is no limit to the manner in which vessels may collide 
and the resultant damage is often very perplexing but, never- 
theless, every effort should be made to ascertain the first point 
of contact and frequently this can be distinguished from 
resultant damage. Score marks on shell plating from zero 
markings with a continuation to heavy scoring and the direc- 
tion of tripping of shell frames are often good guides to the 
direction and force of a contact. 

Whenever possible, it is recommended that the vicinity of 
collision damage be laid down to scale on a drawing with the 
contour and dimensions of the damage area shown. In the 
case of damage sustained by the bows of another vessel, this 
being quite a usual type of collision damage, it is sometimes 
helpful if a light wooden template can be made to the same 
dimensions as the bows of the colliding vessel and tried in 
place over the damage found. 

Photographs of damage caused by collision are usually 
most helpful in the later considerations of liability and the 
Surveyor, when attending on Ship A for her own damage 
should whenever possible recommend that photographs be 
taken. 

However, when surveying the damage on Ship B he is on a 
different footing and should leave it to that vessel’s interests 
to obtain photographic evidence. In practice it usually 


happens that both interests raise no objection to having a 
permanent photographic record of that which in any case is 
visibly evident. 

Reverting to surveys on vessels for which he has instruc- 
tions to attend, i.e. Ships A, the Surveyor may find the allega- 
tions of heavy weather damage less clearly defined than con- 
tact, grounding or fire damage which are usually found to 
have occurred on a given date or set of circumstances. 

Heavy weather in itself can be somewhat ambiguous and 
difficult of assessment. It is usually defined in relation to wind 
force, a wind force 7 or upwards being considered as heavy 
weather. However, damage under this heading may be 
cumulative, for example, if part of the ship’s structure fails 
as a result of flexure or overstressing in heavy or tempestuous 
weather, then all periods of heavy weather may have contri- 
buted to the failure of the structure although final and com- 
plete rupture, etc., may have occurred in the most recent 
period of heavy weather under review. However, in the 
absence of anything to the contrary, it is usually assumed that 
the vessel was in sound condition as from acceptance for con- 
tinuation of classification when last surveyed by Classification 
Surveyors either at periodical survey or when last in drydock 
whichever is the most recent. 

As a consequence it is possible for a vessel to have sustained 
the same damage on any or all periods of heavy weather and 
not necessarily during the period to which the Surveyor’s 
attention is drawn. There may be occasions when the Sur- 
veyor is unable to concur that damage is attributable to the 
period stated although he may concur that the damage seen 
was of such a nature as to be reasonably attributable to heavy 
weather over a period longer than that alleged. 

Instances occur from time to time concerning collapsed 
tween decks on laden ships during heavy weather and in such 
cases the Surveyor should endeavour to ascertain and place 
on record the total loading of tween deck areas and more 
particularly to determine whether there had been any undue 
concentrated loading which had become intolerable to the 
tween deck structure, particularly during heavy weather. 

Surveys on main and auxiliary machinery and boilers, etc., 
can frequently present more problems than hull surveys in 
that many machinery parts are much more expendable than 
hull structures and call for a greater degree of maintenance 
and periodical renewal. 

Considering firstly machinery used in efforts to refloat, 
quite clearly a main engine was never designed or intended 
to run with a vessel aground and its use in those circum- 
stances would be a sacrifice as would also be the use of sea 
water pumps, heat exchangers and other parts exposed to 
unusual conditions. 

However, the same consideration could not normally apply 
to such parts as independent feed pumps, boiler fan engines, 
electric generators that are not seawater cooled or overloaded, 
telemotors, etc., for in “efforts to refloat”, etc., they are 
performing their normal duties as they would with the ship 
afloat. 

At a drydocking survey following up on a grounding or 
shortly thereafter, it would be normal to examine sea inlet 
valves, and to examine and deal with tailshafts and rudders 
if it was apparent or to be expected that such parts may have 
suffered by use in efforts to refloat but the same consideration 
would not apply if they had not been used. Exceptions to 
these cases would be when these parts had sustained damage 
by actual contact with the ground when they would be exam- 
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ined under the heading of “grounding damage” rather than 
“efforts to refloat”. 

It sometimes happens, however, that there is a long interval 
between a vessel grounding and a subsequent drydock exam- 
ination, during which time the vessel may have traded quite 
trouble free as respects machinery performance and in such 
cases the Surveyor will consider the likelihood of any damage 
found being wholly and fairly attributable to the circum- 
stances of grounding or whether the possible damage found 
had been worsened by continued use thereafter in which case 
he should place his views on record. 

Boiler and/or machinery damage alleged to be the conse- 
quence of heavy weather can also, on occasions, be difficult 
to appraise in that, for example, the behaviour of a vessel 
can vary as between laden and light conditions during heavy 
weather which in turn could affect the likelihood of the main 
engine racing. In this latter connection a further difference 
could lie in the type of machinery fitted to a vessel for, whilst 
reciprocating machinery may in appropriate conditions race 
or tend to run erratically, the same consideration would not 
normally apply to double reduction geared turbine machinery 
due to the mass inertia effect of the gearing which may resist 
any tendency for “racing” in the sense of a rise of engine 
speed to excessive and dangerous amounts. 

Thus, in considering the question of heavy weather damage 
to machinery the Surveyor will apply his own professional 
knowledge and experience to arrive at a decision as to 
whether the damage seen is fairly and reasonably attributable 
to the alleged causes. 

Perhaps the most problematic aspect of a damage survey to 
machinery comes under the heading of “negligence”. In an 
ordinary policy of marine insurance, it may be stated in 
simple terms that damage caused by negligence of the crew 
is an insured peril but with no recovery if the Owner or his 
managers and/or superintendents fail to exercise due dili- 
gence. 

By negligence or mishandling of machinery, the crew may 
create damage, examples being the failure to make use of 
available pumps or water supplies to maintain suitable boiler 
feed water of correct water level, failure to make proper 
checks of boiler density and to take remedial action if called 
for, failure to operate important valves or supplies during 
the operation of the machinery, failure to ensure that lubrica- 
tion is used in the manner intended, etc., etc. 

Quite frequently there will be no log record for positive 
acts of negligence but the Surveyor examining the log books 
can very frequently find evidence of negligence from recorded 
pressures, temperatures or the narrative of actions taken or 
omitted. 

Nevertheless, the investigation of negligence damage can be 
difficult and it calls for the strictly fair, impartial and 
balanced judgment to determine and differentiate between 
what has been damaged by negligence and what is wear and 
tear and the Surveyor will be guided in such matters by the 
conditions of his appointment for the survey of alleged 
damage, namely, to be strictly impartial and to “seek the 
truth”. 

The attention of a Surveyor may from time to time be 
drawn to damage caused by failure of some structural or 
machinery part which, on examination, may be found to have 
had a latent defect. 

A latent defect in this sense may be described as something 
within the material which is not discoverable by normal 
diligence. 


In usual circumstances, i.e. in normal policies of insurance, 
a shipowner cannot recover the cost of the part which proved 
to have a latent defect but can recover damage or loss arising 
from failure of that part which failed due to a latent defect. 

This interpretation is couched in the simplest terms but is 
not to be taken too literally as cases of this nature are subject 
to the attention of Average Adjusters, Owners, Underwriters, 
etc., in relation to a particular policy of insurance or set of 
circumstances and the purpose of this comment is to draw 
the Surveyor’s attention to the necessity for including on his 
report a separate note showing the nature of the latent defect 
together with the cost of replacement of the part so affected 
as distinct from the consequential damage or loss resulting 
from failure of the defective part. 

An example would be the failure of a tailshaft which, on 
breaking, was seen to have a sub-surface lamination or inclu- 
sion not discoverable by normal diligence prior to failure. 
Under normal conditions the cost of replacement of this shaft 
would not be recoverable but replacement of a lost propeller, 
any damage to the main engine by sudden and uncontrolled 
racing, etc., etc., being consequential, may be recoverable 
under a policy of marine insurance, hence the necessity for a 
separation of costs. 

The determination of what may be regarded as a latent 
defect is often quite difficult in that by visual examination 
alone, the reason for failure of a component may not be 
apparent and in such cases it is considered desirable that 
metallurgical examination be carried out on samples of the 
affected material so as to have the benefit of specialised 
research into the cause of failure. 

Mention may be made at this juncture of another type of 
failure of a tailshaft, namely, breakage due to the presence of 
a stress raiser in the form of corrosion, absence of radii on 
keyways, etc. The latter may not be discoverable with the pro- 
peller in position but by normal diligence could be seen 
whenever the tailshaft was examined, whilst the former could 
be due to ingress of seawater which could have been prevented 
by proper attention to the careful fitting of a propeller and/or 
its water sealing arrangements. 

There have been many instances of corrosion in tailshafts 
caused by inadequate or defective water sealing devices which 
usually consist of a compressed rubber ring and with such a 
device, properly fitted and of suitable material with the pro- 
peller carefully driven on to the taper of a tailshaft and 
effectively keyed on to same, it may be said that no circum- 
stances of racing or propeller contact is likely to cause relative 
movement between the propeller and tailshaft nor bending of 
same to the extent that the compression of the rubber seal 
was lost. 

Thus, corrosion and/or breakage of a tailshaft under such 
conditions would not result from latent or accidental causes 
but would originate in a remediable defect in the sealing 
device which permitted seawater ingress. 

Damage of a recurrent nature is sometimes found on sister 
or similar vessels, more particularly in the machinery for 
same and assessment of the cause of such damage can at 
times be somewhat difficult, particularly if the attending Sur- 
veyor is unaware of the recurrence of such damages. 

A purely hypothetical case would be the fracturing of 
cylinder liners or covers on an internal combustion engine, 
due on the face of things to some starvation of cooling circu- 
lating water, the reason for which would seem to have been 
neglect on the operators’ part but which, in view of its 
recurrent nature on the subject vessel and other similar vessels 


may in fact be found attributable to the profile of cooling 
water passages causing turbulence or eddying of the cooling 
water which gave rise to uncooled areas. 


Such cases would be of interest alike to Classification, 
Underwriters and not least of all the Owners. The latter 
may with propriety claim such damage at least in the first 
instance, as being the consequence of negligence of engineers 
and therefore recoverable within the terms of a normal policy, 
but in the event of repeated failure, this could possibly 
involve the Owners in substantial losses of earning of their 
vessel due to protracted repair periods. 


It may thus be seen that accurate diagnosis of the cause 
of damage is most important. 


Mention has been made of the consequences of negligence 
on the part of the crew being recoverable within the terms of 
a normal policy and it may be referred to again here for the 
Surveyor will often find this a troublesome allegation to 
examine. There are, of course, those glaring cases of negli- 
gence such as continuing to fire a boiler when the operator 
knew or ought to have known that there was insufficient 
water in the boiler, and there may be other cases, particularly 
with complex modern machinery where the operators made 
an error of judgment although perhaps in all good faith in 
the light of conditions as they found them at the time. 


There may, however, be other cases where some component 
failed due to a wear and tear condition of which the operator 
either had no means of determining or by force majeur had 
not the opportunity of remedying. 

Each of these cases of alleged negligence requires to be 
dealt with on its own merits and calls for as complete an 
investigation as circumstances permit to enable the Surveyor 
to form his own opinion of the real cause of damage. 


However, if, having duly examined all alleged circumstances 
and surveyed the resultant damage, the Surveyor is unable 
to concur the allegation or, in those cases where no allegation 
is made and ns cause of damage is apparent, the Surveyor is 
full entitled to state in his report that, causes of damage being 
unsupported by the facts or not apparent at all, he has noted 
the damage found, strictly without prejudice and recommends 
that the cause of damage be further investigated after full 
examination of documents or records not available to him at 
the time of survey. 


It is not possible within limited space to cover every con- 
tingency of damage likely to be encountered by a Surveyor 
and the guiding principle is that he shall always act with 
strict impartiality, to consider the information placed before 
him and with his professional knowledge and experience place 
on record in a report such facts and opinions as he considers 
to be fair and reasonable and appropriate to the case. 

In compiling a Report it should be borne in mind that it 
has to be read, fully understood and made use of by the 
layman such as the Owners’ Insurance Department, Average 
Adjusters, Examiner of Claims and possibly Solicitors during 
which it may, most probably, also be subject to scrutiny by 
the Technical Advisers to any of the aforementioned. 

On occasions the Surveyor may be called in to survey a 
number of casualties on one vessel and it is repeated that 
each should be kept separate from the other and the report 
should include the Surveyor’s opinion as to the length of time 
to carry out each repair as if effected alone showing the time 
required in drydock separately from the time required afloat. 
The dates of arrival of the vessel in port, of drydocking and 


undocking and of completion of repairs should also be given, 
also the name or names of the repair contractors and, 
wherever possible the final approved costs. 

In the case of deferred repairs, the Surveyor’s estimate of 
costs for the execution of permanent repairs is also required 
but, whilst the specification for the deferred repairs is to be 
included in the report, the estimate for cost must not be 
included ; this is to be advised by separate letter. 


Temporary repairs if any should be mentioned in the 
Report, also the cost of and time for effecting same. 

When overtime is worked on any damage repairs, the excess 
cost of same should be shown separately, together with the 
Surveyor’s estimate of saving of time by the working of over- 
time. 

A brief explanation of excess cost of overtime is the amount 
of bonus or reward paid a workman for overtime working 
and not the full amount of his hourly wage plus bonus. 

Surveyors will be aware of their “Instructions to Surveyors” 
and those not fully experienced in damage surveys are 
strongly recommended to seek the advice and co-operation of 
their Principal and Senior Surveyors. To this it may be added 
that the Salvage Association in all cases request that prompt 
advices be furnished concerning damage surveys in which 
they are concerned particularly so when it is seen at the 
outset that the damage is likely to be extensive or controver- 
sial. In such cases the continued attendance of a local Sur- 
veyor may prove an embarrassment or impediment to his 
normal duties in an outport and prompt advices would enable 
the Salvage Association to appoint one of their own Surveyors 
or a Consultant Surveyor either to co-operate with or to 
relieve the local Surveyor in an outport. 

A brief explanation of some terms frequently used in con- 
nection with damage may be of assistance. 

F.P.A. or free of particular average means that the vessel’s 
Owners have an insurance with restricted terms often amount- 
ing to what may be a third party policy whereby they cannot 
recover the cost of damage to their vessel but only to another 
vessel or to the Owners’ own vessel if the damage was done 
not accidentally but by a deliberate sacrifice for the benefit 
of general interests. 

P.A. or particular average refers to damage sustained on a 
vessel by accidental means in involuntary circumstances 
whereas 

G.A. or general average may in simple terms be described 
as damage or, sacrifice undertaken voluntarily, at a time of 
accident and peril in order to avert damage or to minimise 
the extent of same for the benefit of the various interests in 
the vessel such as the Owners of the vessel, the cargo and 
those concerned in freight and/or the Underwriters of such 
interests if so concerned. 

Examples of sacrifices are the use of main, auxiliary or deck 
machinery, anchors and cables, rudders, etc., in efforts to 
refloat should a vessel be aground and in a position of peril, 
or the cutting of holes in the structure of a vessel which is on 
fire, so as to give access to hoses for fire extinguishing. 

It is no part of a Surveyor’s duty to apportion damage 
under the foregoing headings and indeed these expressions 
are not to be used, but on the other hand the Surveyor must 
state separately in his report any damage found under these 
headings under the designation of “Efforts to refloat” or 
“Efforts to extinguish fire,” etc., when reporting anything of 
a deliberate sacrificial nature. 


THE AVERAGE ADJUSTER 


When a vessel sustains damage it is customary for the 
Owner to consult an Average Adjuster who is a highly skilled 
and specialised professional person and who, acting quite 
independently and impartially, collects and collates all 
information and accounts and prepares therefrom a State- 
ment of Claim showing the divisions liability and cost for the 
consideration of all concerned. 

It is the final responsibility of the Average Adjuster to 
make the division of costs of repair between General Average 
and Particular Average and it is for this reason that the 
Surveyor must not state what in his opinion is or is not 
General or Particular Average as such. Nevertheless, the 


Average Adjuster will require guidance upon what is acci- 
dental damage and what is damage by sacrifice for the general 
benefit—for example, what is damage by fire and what is 
damage by water and what is damage by stranding and what 
is damage by refloating. 

In many cases where damage repairs are carried out certain 
expenses of a general character are incurred such as dry dock 
rent, wharf charges, the supply of shore steam, electricity, 
etc. All such expenses should be reported separately under 
the heading of either “Services” or “General Expenses” and 
the Surveyor must not attempt to apportion them as between 
Casualties and Owners, for it is within the province of the 
Average Adjuster to make such apportionments. 


APPENDIX 


Specimen letter for angle of blow. 
Dear Sir(s), 
STEAM SHIP “A” IN COLLISION WITH MOTOR 
TANKER “B” 
At the request of the Secretary of the Salvage Association 
(London), and on your behalf as Solicitors acting for the 
Owners of Ship “A”, survey has been held upon 


SHIP AS 


of the port of Syra, 7,000 gross tons register, and upon the 
steel screw 


MOTOR TANKER “B” 


of the port of Porsgrunn, 11,000 gross tons register. Survey 
was held on the former ship whilst lying afloat and subse- 
quently in drydock at Kiel and on the latter vessel whilst 
lying afloat at Norrkoping/Sweden and subsequently whilst 
lying afloat at Kiel. The purpose of the survey was to 
estimate the angle of blow and the probable speeds of the 
ships at the time of the collision on the 26th December, 1959. 

At the time of the collision Ship “A” was on a voyage in 
ballast from Gdynia to Bremen. The Motor Tanker “B” was 
on a loaded voyage from Venezuela to Sweden. 

At approximately 11.24 hours on the 25th December, 1959, 
whilst the ships were approximately 2°2 miles South West of 
Gedserrev Lightship in the Baltic Sea the collision occurred 
in foggy weather. 

For full and further particulars please refer to the log 
books of the respective vessels. A verbal translation of the 
deck log book was obtained by us in respect of Ship “A” 
only. 


The damage to both ships was examined and we found as 
follows: — 


26th December, 1959 


SHIP “A” 

This ship was built in 1940, the upper deck is flush with a 
raised forecastle. The only unusual feature is that the main 
sheerstrake consists of two strakes of plating, one upon the 
other and each strake being approximately 0:5 in. thick. The 
rnachinery space is amidships and contains a three-cylinder 
Doxford diesel engine together with some steam and elec- 
trically driven auxiliaries. 


DESCRIPTION OF THE DAMAGE 


The collision damage was on the starboard side of the ship 
and located amidships. The shipside had been cut into, com- 
mencing 5 ft. 0 in. abaft the forward bulkhead of the engine 
room which had been flooded to a depth of 11 ft. 1 in. above 
the double bottom tank top plating. The tunnel had also been 
completely flooded. The upper edge of the hole in the shipside 
was in line with the lower landing of the main sheerstrake 
plating. The hole extended downwards over four strakes of 
the shipside plating and also over two strakes of plating 
forming the curved bilge of the ship. The end of the cut 
passing through the curved bilge plates just reached the plate 
landing where the flat of the ship’s bottom commences. The 
forward edge of the hole was approaching the vertical, being 
at an angle of 14° from the vertical. This plating edge was 
folded inwards for 9 in. at its lower end whilst the upper 
edge of the torn plating had been only slightly turned inwards. 
The after edge of the hole was formed by shell plating which 
had been folded back and inwards. The torn edge of the 
plating was standing in the engine room at a distance of 
12 ft. 4 in. from the line of the shipside. This buckled plating 
had been compressed into a concave form the maximum 
deflection being at a point 21 ft. 0 in. below the upper edge 
of the hole. It was noted that the two strakes of the curved 
bilge plating had been cut into at an angle of 72° 20’ leading 
aft for a horizontally projected distance of 8 ft. 8 in. This cut 
penetrated the double bottom tank in way of the damage. 

The dimension of the hole along the upper edge was about 
1S ft. 0 in. which tapered downwards to 11°5 in. long at the 
turn of the bilge. The cut into the bilge plates remained prac- 
tically parallel at 11°5 in. wide for the full depth of the cut. 
The torn edges of the cut, both on the forward and after sides 
had been turned upwards. The height of the hole from its 
upper edge to the turn of the bilge was 31 ft. 8 in. The hole, 
including the cut into the bilge plating, had involved twelve 
plates of which the majority had been destroyed requiring 
renewal. 

The main sheerstrake plating had not been torn but the 
plating had been set inwards for a distance of 3 ft. 2 in. 
measured at its lower edge and extending fore and aft in way 
of the holed shell plating for a distance of 31 ft. 9 in. 

Forward of the large hole in the shell plating was a smaller 
hole principally in way of the first strake below the main 
sheer but also extending into the second strake below the 
sheer. The major axis of the hole was vertical and was 


6 ft. 9 in. in length, the breadth of the hole was 2 ft. 6 in. 
The hole was forward of the engine room bulkhead in way 
of the amidships deep tank. The forward and after edges of 
the holed plating had been turned inwards. 

Internally the tween deck level was located at approxi- 
mately the half height of the first strake of plating below the 
main sheerstrake. This tween deck plating had been torn 
and buckled over the full width of the hole from the forward 
bulkhead of the engine room for a distance of 24 ft. 6 in. aft. 
The deck plating was pushed inwards a horizontal distance 
of 5 ft. 8 in. The torn edge of this deck plating was very 
irregular and partly missing. The engine room forward bulk- 
head had been locally buckled in the aft direction starting 
below the tween deck level and extending downwards for 
7 ft. 0 in. A total of eleven shell frames had been wholly or 
partially destroyed and associated tween deck and upper deck 
beams and beam knee brackets had been destroyed or bent. 
The damage extended into the tween deck spaces above the 
deep tank and engine room. 

In the engine room the double bottom tank margin plating 
and tank top plating together with bilge brackets and connec- 
tions had been destroyed or torn and buckled in way of 
the holed shell plating. This damage commenced 5 ft. 6 in. 
abaft the forward bulkhead of the engine room and extended 
aft for 10 ft. O in. Seating for auxiliary machinery situated 
at the forward starboard side of the engine room had been 
cut into and destroyed together with two air compressors and 
the outboard electric generator mounted upon the seatings. 

At the upper deck level the bulwark plating had been 
damaged over a length of 23 ft. 9 in. One section, 10 ft. 0 in. 
in length, had been completely torn away from its connection 
to the sheerstrake plating and had been pushed inwards and 
laid flat. Forward and aft of this particular section the 
bulwark plating had been set in. One deck stringer plate 
together with the stringer angle bar in way had been buckled 
over two-thirds of the plate length. The standing edge of the 
main sheerstrake had been set inwards and outwards for 
amounts up to 12 in. and 7 in. respectively over a length of 
14 ft. 9 in. 

Also at the upper deck level the accommodation side casing 
plating had been set in and buckled. The casing affected was 
in way of the crew messroom, deck entrance and short trans- 
verse alleyway, pantry and cook’s cabin commencing from 
the forward end of the accommodation. The casing plating 
was set in at the after end of the messroom and in way of 
the alleyway entrance a maximum amount of 2 ft. 8 in. over 
a length of 9 ft. 2 in. The top and bottom foundation bars 
for the casing plating had also been set inwards. 

Contact had taken place in two places on the boat deck 
curtain plate, the plating and boat deck stringer angle bar 
behind it had been set back for 1:5 in. over 2 ft. 10 in. in one 
place and set out and buckled for 2°5 in. over 6 ft. 0 in. ina 
second place further aft. The wood sheathed boat deck plating 
had been set down 2 in. together with the deck beams between 
the davits over an area of approximately 120 square feet. 
The after davit for the lifeboat had collapsed and was found 
hanging over the boat deck having bent forward. We were 
informed that whilst some collision damage was sustained to 
the lifeboat davit the davit only collapsed when an attempt 
was being made to restow the starboard lifeboat some time 
after the collision. 


Ist January, 1960 


MOTOR TANKER “B” 


The ship was built in 1954. It has a raked soft nose stem. 
The upper part of the stem above the forecastle deck has a 
plate bracket fitted at the bulwark rail level and this bracket, 
which is connected continuously to the bulwark plating on the 
port and starboard sides, forms a platform. The upper soft 
nose stem plate extends above the level of the bulwarks form- 
ing a sill around the platform 15-5 in. in height. The platform 
is fitted with a two-tier guard rail on the forward side 
extending around the soft nose stem. Through the platform 
pass, on the starboard side of the centreline, a davit and on 
the port side of the centreline, a jackstaff. The spaces in way 
of the bow commencing at the top are the upper forecastle 
store at the upper deck level, the middle forecastle store, 
formed with a wood deck only at a convenient stringer plating 
height although actually contained in the lower forecastle 
store. The deck of this latter space is the forepeak tank top. 
Abaft the lower two store spaces is the chain locker. Each of 
the three store spaces are fitted with a single tier wood shelf 
built at half the height of the space in which it is situated, 
extending aft from the stem a distance of about 22 ft. on 
each side of the ship. Under the lower forecastle store space 
is the forepeak tank, the manhole to which is located about 
6 ft. abaft the stem. The forecastle deck has a 4 ft. square 
hatch, abaft the stem but forward of the windlass chain 
stoppers and rollers. for gaining access to the upper store 
space. Entry to this space can also be gained by the port and 
starboard openings in the forecastle end. In the deck of the 
upper store space is a 4 ft. square hatch for access to the 
middle and lower store spaces. The steam windlass is placed 
behind steel stools, one port and one starboard, on which are 
mounted the chain cable stoppers, directly forward of these 
stoppers a chain cable roller 15 in. in diameter is fitted for each 
cable. Six inches forward of the cable rollers are located the 
upper ends of the hawsepipes. The upper ends of the hawse- 
pipes are not secured in the usual manner with deck pieces 
but each end passes into a fabricated steel collar plate, shaped 
to the dimensions of the hawsepipe and forming an 8 in. 
standing flange on the forecastle deck. The upper ends of the 
hawsepipes are riveted through the sides of the standing 
flanges the rivets being fitted in the horizontal plane. Immedi- 
ately abaft the stem platform and built into the bulwarks on 
each side and nearly at rail level is a 7 ft. 0 in. three-roller 
fairlead. On the centreline of the forecastle deck and immedi- 
ately abaft the access hatch to the upper store space is a 
12 in. diameter ventilator coaming 5 ft. 0 in. in height. The 
bulwarks are supported at regular intervals of 4 ft. 0 in. by 
flanged plate stanchions. An external examination of the shell 
plating shows that the vessel has a sheerstrake extending the 
full length of the ship from aft until it reaches the after end 
of the forecastle. Here the sheerstrake increases in width and 
so two strakes of plating form the sheerstrake for the full 
length of the forecastle up to the butts of the vertical soft 
nose stem plates. The shell plating strakes are deep and the 
plating is constructed of welded seams and butts and the 
plating is riveted to the transverse framing fitted forward of 
the collision bulkhead. The deck plates and the soft nose stem 
plates are of all-welded construction. 


DESCRIPTION OF THE DAMAGE 


The collision damage extended from the tip of the soft 
nose stem downwards to approximately the 13 ft. 6 in. 
draught mark involving a total of ten port and starboard 
shell plates and two soft nose stem plates. The damage was 
extensive to the soft nose stem plating over this distance 
which is approximately 46 ft. 0 in. On the port and starboard 
sides the shell plates in the strakes adjacent to the stem had 
been extensively damaged by buckling, tearing, indenting and 
scoring. The shell plating damage extended over the forecastle 
sheerstrake, then directly below that the upper main sheer- 
strake, then the lower main sheerstrake, the first and the 
second strakes of plating below the lower main sheerstrake. 

Commencing with the upper edge of the soft nose stem at 
the bow platform, this portion of the stem, together with the 
adjacent port and starboard side bulwark plates, had been 
completely severed just above the forecastle deck level and 
for a total width of about 17 ft. 0 in. This part of the stem 
had been pushed up, set aft and set to starboard as well as 
being tilted up on the port side. The final position of this 
portion of the soft nose stem was approximately 10 ft. 6 in. 
aft of its original position, at a height of 6 ft. 10 in. from the 
original deck line, lying 3 ft. 9 in. to starboard and tilted out 
of the horizontal an amount of 12 in. 

At the forecastle deck the bulwarks on both sides of the 
stem and adjoining the severed part were flattened and 
buckled across the fore part of the deck. The port bulwark 
was buckled aft for an approximate distance of 16 ft. 6 in. 
measured from the estimated position of the stem. The star- 
board bulwark was buckled aft for a distance of 25 ft. 0 in. 
when measured from the estimated position of the stem. On 
the port side five bulwark stanchions had been buckled 
together with the fairlead seating and the fairlead had been 
broken and was lying at an angle of 45° to the ship’s centre- 
line but still attached to the buckled bulwark plating. On the 
starboard side seven bulwark stanchions were buckled as was 
the fairlead seating whilst the broken fairlead was lying in a 
position nearly parallel to the ship’s centreline. The bracket 
and stiffener for the stem platform were crushed and hanging 
underneath the platform plate bracket. The bow davit was 
bent aft in several short bends so that the top of the davit 
rested close to the forecastle deck but just ahead of the 
starboard drum end of the windlass. The centreline of the 
davit also approximated closely to the centre of the vessel. 

On the forecastle deck the five longitudinal strakes of 
plating which make up this deck forward of the windlass 
were all buckled at their forward ends. At the forward end 
the buckled plating was generally set down an estimated 18 in. 
forward of the hawsepipes. On the port side it was seen that 
the deck plating had formed into two folds, one 13 in. in depth 
and the other lying forward of the deep fold, being only 7 in. 
deep. These folds started from the foot of a bulwark stanchion 
some 20 in. ahead of the forward end of the port hawsepipe deck 
collar plate. The two folds then spread from the port bulwark 
across the deck but moving their line of direction always in 
the direction of aft. The two folds touched the front of the 
port hawsepipe collar plate, then disappeared under a pile of 
debris and buckled steel. However, from the forward edge 
of the starboard hawsepipe and also from the starboard side 
of this collar plate three folds, each approximately I1 in. in 
depth, spread towards the starboard bulwark which they 
reached. The aftermost point of the folds was 5 ft. 8 in. abaft 
the forward edge of the starboard hawsepipe collar plate. The 


forecastle space access hatch which had been located directly 
behind the stem was seen to be crushed nearly flat. The centre 
of the forward edge of the hatch coaming was found to have 
been set to port a distance of 17°5 in. The 12 in. diameter 
ventilator coaming was lying flat on the deck between the 
windlass chain cable rollers and stoppers with its upper end 
centreline 9 in. to the port side of the ship’s centreline. Both 
hawsepipes had been smashed. An examination of the upper 
part of the port hawsepipe showed that it had been pushed 
upwards through its deck collar plate 16 in. at the same time 
being set aft for 6 in. On the starboard side the correspond- 
ing measurements were that the hawsepipe had been pushed 
up 13 in. and set aft 2°5 in. 

Whilst standing between the chain cable stoppers and look- 
ing in the direction of the stem it was noted that the soft 
nose stem plating and the adjoining forecastle sheerstrake 
plating below the severed portion of the stem had been 
pushed flat forming two layers across the bow on both the 
port and starboard sides for a height of 8 ft. 0 in. The soft 
nose stem plate had apparently fractured in a near vertical 
line and the port side portion had folded inwards and under 
for a transverse distance of 10 in. then this folded portion of 
the soft nose plate, together with the adjoining port side fore- 
castle sheerstrake plate, had been pushed flat onto the bow 
nearly at right angles to the ship’s centreline. The fold in 
the piece of the soft nose stem was lying 3 ft. 2 in. on the 
starboard side of the centre of the vessel whilst the surface 
of the plate was inclined aft at an angle of 58° from the 
horizontal. 

Underneath the port side plating, between it and the folded 
forecastle deck plating, was the flat piece of the starboard 
side of the soft nose stem with its adjoining starboard side 
forecastle sheerstrake plate. In this case the plating was also 
lying in a near transverse direction. The vertical fractured 
edge of the soft nose stem was 3 ft. 5 in. on the port side of 
the ship’s centre. 

Referring now to the external examination of the shell 
plating it was seen that the plating was torn through in a 
horizontal direction in way of the landing of the forecastle 
sheerstrake and upper main sheerstrake plating on the port 
and starboard sides as well as at the stem. The section of the 
stem for approximately 21 ft. 0 in. below the forecastle deck 
was set back having a rake approximating to that of the 
correct stem form but in the wrong direction, the upper 
point of this section of the stem being about 12 ft. 3 in. 
abaft its true position. On the port side and at the deck level 
of the upper forecastle store space the shell was torn hori- 
zontally for 14 ft. 0 in. in length, the maximum height of 
the tear being 3 ft. II in. At the after end of this tear the 
shell plating was fractured horizontally for a further 3 ft. 0 in. 
On the starboard side the shell plating was also torn hori- 
zontally over a distance of 21 ft. 6 in. the tear being 3 ft. 2 in. 
high at the widest part. The tear was in way of the hawsepipe 
shell flanges and on the port side part of the shell flange was 
visible, on the starboard side the shell flange and most of 
the pipe had disappeared. Through the port side tear pro- 
truded the port anchor, wrong way round, lying down against 
the shell with the forward fluke broken off at half length. 
The starboard anchor was sticking out through the starboard 
side tear, also wrong way round, and the anchor head was 
about 6 ft. 0 in. away from the shell plating. 

In the upper main sheerstrake plate adjacent to the stem 
on the starboard side the plate had been deeply scored in a 
near horizontal direction although the score formed a slight 


arc about 6 ft. 0 in. in length. The are was at the half height 
of the plate and below the position of the hawsepipe shell 
flange. The lower main sheerstrake plate adjoining the stem 
was buckled generally and torn at a point some 4 ft. 0 in. 
above the lower landing of the plate. The soft nose stem 
plating and the forward part of the upper and lower main 
sheerstrake plates on each side were formed into a deep fold 
extending upwards from the tear in the lower of the two 
sheerstrakes to the main tear at the level of the upper fore- 
castle store space. The fold was 4 ft. 6 in. deep, the space 
between the plates formed by the fold being 18 in. When 
viewed from above the fold was at an angle of 45° to the 
centreline of the ship. The vertical centreline through this 
portion of the stem, whilst being on the true centreline of 
the stem at the bottom, was 4 ft. 2 in. to starboard measured 
at the level of the upper deck. 


Below the folded stem plating, which was also set aft as 
previously described, the stem plating had retained its 
normal shape for a distance of about 9 ft. 3 in. extending 
downwards. In way of the first strake below the lower main 
sheer the port and starboard plates adjoining the stem and 
the stem plate were again holed and torn horizontally on each 
side respectively. This damage was in way of the forepeak 
tank. On the port side the hole measured 7 ft. 0 in. high x 
5 ft. 9 in. in length, on the starboard side the tear was 10 in. 
long and the stem plate was flattened and turned to starboard 
2 ft. 1 in. over a vertical distance of approximately 9 ft. O in. 
This damage extended into the second strake below the lower 
main sheer. On the port side where the plating was holed 
the forward shell plate had been folded inwards so that the 
plate surface, though slightly concave, finished approximately 
at right angles to the ship’s centreline. 


Internally at the level of the upper deck the nose deck 
plating was formed into three folds transverse in direction, 
varying from 2 in. to 8 in. in depth with the deepest part of 
the folds approximately in the same fore and aft line and 
14 in. to starboard of the centreline of the vessel. In the fore 
and aft direction the folds covered 4 ft. 0 in. and the forward 
fold was about 6 ft. 9 in. from the true position of the stem 
at this level. Ahead of the folds nothing could be seen but 
twisted metal, but the deck plating was set down on the 
starboard side under the buckled stem plating. 


At the level of the middle forecastle store, being at the 
level of a breast hook and stringer structure about half the 
height between the forepeak tank top and upper deck lines, 
the stem plating was folded inwards. The port side plating 
was lying over the starboard side plate with a vertical gap 
13 in. wide between the broken plates. Due to the shell 
damage one breast hook was crumpled, the port side stringer 
had been buckled whilst the starboard side stringer had its 
forward end buckled and set upwards 4°5 in. over 18 in. and 
the remaining part of the stringer plate waved. 


At the forepeak tank top level the deck plating had a trans- 
verse buckle of the nose plate 7 ft. 0 in. from the stem. From 
the inside of the lower store space a vertical fracture in the 
soft nose plate was seen but only for a short distance as it 
was obscured by buckled port side plating and internals. 


In the forepeak tank one breast hook was buckled and 
torn, the centreline under deck girder was destroyed at its 
forward end and partly set to starboard for 4 in. The port 
and starboard side stringer plates were generally buckled as 
were the stanchions supporting the under deck girder. 
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Throughout the store spaces and forepeak tank space a 
total of nineteen shell frames and associated deck beams and 
beam knee brackets had been partially destroyed. 


ASSESSMENT OF THE DAMAGE TO BOTH SHIPS 


Whilst a complete examination of the damage sustained to 
both ships is essential in assessing the case as a whole for the 
purpose of arriving at the probable angle of blow certain 
items of damage are of greater significance than others. Thus 
a summary of the important items on each ship relating to 
the angle of blow will be made. 


SHIP “A” 


The flattened section of the bulwark plating in way of the 
accommodation side casing and entrance door was the part 
of Ship “A” first struck by Motor Tanker “B”. The bulwark 
plate had been heavily scored at the first point of contact 
and the plate had buckled and folded locally on the after side 
of the contact point. After the collision the first point of 
contact was 16 ft. 2 in. aft of the deckhouse front and 11 in. 
above the upper deck level. Originally this contact point had 
been 15 ft. 8 in. from the house front and 2 ft. 11 in. above 
the level of the upper deck plating measured at the ship’s side. 
The upper edge of the main sheerstrake contained the second 
point of contact which was a short length of the standing 
edge of the plate. The portion of plate was set in 1°5 in. over 
a length of 2 ft. 10 in. which was concave in form. The outer 
surface of this short curved portion of plate showed a score 
in the steel 3 in. in length. The after end of the score was 
14 ft. 11 in. from the house front which indicates that at the 
beginning of contact at this level was 14 ft. 8 in. from the 
front of the house. The third point of contact was located 
amongst the remnants of one of the shell ptes in the first 
strake below the main sheerstrake. Reference has already 
been made to the folded shell plating on the after side of the 
large hole torn in the ship’s side. A close examination of this 
folded plating revealed, at its upper end, a piece of curled 
steel joined to the folded plating by a narrow band of steel. 
This curled portion of the shell plate had been shaped by 
contact with a soft nose stem plate and it bore on its surface 
heavy score marks. This portion of plate, bearing the score 
marks, was found in a position 16 ft. 8 in. abaft the house 
front and at a distance of 8 ft. 2 in. below the level of the 
upper deck at the shipside. This portion of plating had, before 
the collision, been located 11 ft. 6 in. aft of the house front 
or in the second frame space abaft the forward bulkhead of 
the engine room The original position of the portion of 
plating under consideration was 7 ft. 6 in. below the upper 
deck level. 

Before proceeding downwards the damage at the boat deck 
level and accommodation side casing should be noted here. 
As previously stated a short length of boat deck curtain 
plating was set in and torn over a length of 2 ft. 10 in. This 
represented the fourth point of contact in the collision and 
was at a distance of 8 ft. 6 in. from the house front. The 
accommodation casing plating had been set in and the posi- 
tion and shape of the plating in way of the entrance door, 
especially on the forward side, indicated the next or fifth 
point of contact. Here, on the forward side of the entrance, 
the plating was set in, pulled up and shaped concave. The 
maximum penetration had been reached at a point 7 ft. 8 in 
from the shipside, at a height of 3 ft. 0 in. from the upper 
deck measured at the casing. The after corner of the entrance 


was flattened 4 ft. 0 in. above the upper deck level and the 
corner plating was buckled for its full height. 

Returning to the damaged shell plating the next point of 
contact was at the tween deck level. Here the damage to the 
stringer plate had been so extensive that little remained of 
the plate edge which could assist in the examination. As the 
third point of contact lies directly above the tween deck level 
no further reference will be made to the tween deck plating 
except to say that it was cut into to a depth of approximately 
5 ft. 0 in. from the shipside. 

The last point of contact was at the double bottom tank 
level. The centre of the cut into the bilge strake was 
18 ft. 4 in. abaft the house front. The cut was actually only 
11-5 in. wide at this point although the fore and aft adjacent 
plate edges were curved inwards for 3 ft. 6 in. in each case. 

In addition to the foregoing it was noted that where paint 
had been lost on the bulwarks it had come off in fairly large 
areas in way of folds in the plating. Very little scoring of the 
paint on this plating was seen. The same remarks apply to 
the folded shell plating but not to the sheerstrake plates 
where heavy scoring of the paint was noted. The scoring was 
in a nearly horizontal direction. 


MOTOR TANKER “B” 

An examination of the forward side of the soft nose stem 
in way of the bulwarks showed that the upper edge of the 
stem was fitted with an external 4 in. half round face bar 
going right round the stem. This face bar bore the marks of 
the first point of contact. The face bar was rubbed bare of 
paint on its curved surface for a distance of 12°5 in. Of this 
distance 1-75 in. was on the port side of the stem’s centreline 
whilst the remaining 10°75 in. was on the starboard side of 
the ship. In addition to being rubbed bare of its original white 
paint the steel bore distinct traces of black paint in a number of 
score marks. Seven inches below the face bara score on the stem 
plating indicated the second point of contact and it com- 
menced 5 in. on the starboard side of the stem. This score 
mark was 5 in. wide, it curved downwards till it was 15° 
below the face bar, then travelled across the stem’s centreline 
in a horizontal direction for 21 in. terminating in an area of 
scored paintwork. The starboard side of this score mark con- 
tained black paint. Again, below the starboard side of the 
score was a vertical score mark indicating the third point of 
contact and caused by pressure normal to the surface of the 
plate. The top of the score was 18 in. below the face bar 
and 5 in. from the stem’s centreline, it was 14 in. in vertical 
height and measured 5°5 in. wide at the bottom. Again, this 
score mark contained black paint. 

The lower part of the stem had been severed near the fore- 
castle deck level and had been pushed even further aft than 
the upper portion of the stem described above, this latter 
upper portion of the soft nose stem formed what amounted 
to a beak which had penetrated into the structure of the other 
ship. 

The bow davit had been bent aft and its forward side was 
scored commencing at a height of 5 ft. 0 in. above the stem 
bracket. The scoring extended upwards for 2 ft. 6 in. Further 
local score marks were noted on the forward side of the 
davit at lengths of 9 ft. 6 in. and 14 ft. 11 in., measured along 
the davit from the bracket plate. 

The next place where contact had taken place was repre- 
sented by the folded stem plating below the forecastle deck 
level. It was noted that the port side plating had folded under 
the starboard side plating. The exposed surfaces of the folded 


stem plating between the forecastle and upper deck levels 
were devoid of paint. Below the folded portion of the 
stem and below the upper deck level the rolled portion of 
the soft nose stem was also practically devoid of paint. 

The last point of contact had been in way of the forepeak 
tank where the damage already described had been found. 
Here again the plating in this area had lost all traces of paint. 

A general view of the stem damage, although extensive, 
indicated that whilst much of the paint of the steel was miss- 
ing no extensive scoring of the remaining paint was seen. 


COLLISION SEQUENCE 


From our examination of both ships and from measure- 
ments taken from both ships we are of the opinion that the 
probable sequence of events resulting in the damage as found 
were as follows: — 

‘The half round moulding bar at the top of the soft nose 
stem of Motor Tanker “B” has, on its starboard side and a 
few inches from the centreline of the stem, contacted the 
bulwark plating of the Ship “A” at a point 6 in. below the 
level of the bulwark rail bar and 15 ft. 8 in. from the accom- 
modation house front. The bulwark plating has been locally 
indented allowing the actual stem plating below the moulding 
bar to contact the black painted bulwark plating. The 
bulwark has commenced to collapse as the weight upon it 
increased but not before a sizeable portion of the curved 
stem plate had retained upon its surface the imprint of the 
contact. The bulwark had, within a very short period of time, 
buckled at the points of contact and commenced to fold 
inwards and aft and at the same time tearing its bottom 
riveted seam away from the sheerstrake plating and also 
tearing away the riveted lap joining the plate to the adjacent 
bulwark plate. 

With the collapse of the bulwark the soft nose stem has 
come up against the upper edge of the main sheerstrake 
plating which is solidly supported by the upper deck plating 
and stringer angle bar. The standing edge of the sheerstrake 
plating had buckled inwards and the upper deck plating had 
also buckled but proving stronger than the soft nose stem 
this latter plating had been torn into at the level of Motor 
Tanker “B’s” forecastle deck. The upper portion of the soft 
nose stem, once severed, had scraped over the upper deck and 
bulwark until it reached the side casing in way of the 
entrance. The stem set in the casing but at the same time it 
was itself set to starboard and set up on its port side where 
it had ridden over the crumpled but sloping remains of the 
bulwark plating. At the same time that the stem was being 
forced into the accommodation entrance the bow davit which 
passed through the blow platform came up against the boat 
deck curtain plating with the result that the plating was set in 
and locally buckled and the davit bent aft. The stem platform 
guard rails had passed under the boat deck but upon the stem 
portion being canted upwards on the port side the guard rails 
were crushed by contacting the underside of the boat deck. 
The boat deck curtain plate was torn and bent outwards 
where the guard rails had been in contact with the underside 
of the boat deck when the stem of the Motor Tanker “B” 
disengaged. 

Once Motor Tanker “B’s” soft nose stem had collapsed the 
soft nose stem plating below the forecastle deck level came 
into contact with the main sheerstrake plating of Ship “A”. 
Here again Ship “A’s” plating was stronger than the stem of 
Motor Tanker “B” which split vertically and folded flat the 
port side lying on top of the starboard side plating. The 


pressure of the stem plating upon the sheerstrake plate was 
sustained setting back the stem at the top and setting in the 
sheer plating at the bottom. The short bulwark plates on the 
port and starboard sides of the stem on Motor Tanker “B’s” 
forecastle were also pushed aft and folded across the ship in 
a transverse direction at this time. The foregoing port and 
starboard bulwark plates had two areas on each side of the 
stem where the white paint on the forward surfaces of the 
plating was scored with black paint from contact with the 
bulwark of Ship “A”. The inclining of the plating on the two 
ships resulted in the starboard anchor being pushed hard 
against Motor Tanker “B's” shell plating, riding aft and up 
in a shallow arc and then piercing the shell plating of Ship 
“A” in way of the deep tank. The Motor Tanker “B’s” hawse- 
pipe shell rings were originally approximately level with the 
ship’s upper deck line. Due to the collapse of the upper 
portion of the Motor Tanker “B’s” stem, the reinforced soft 
nose stem plating at the upper deck level pierced Ship “A’s” 
hull about 18° below the lower edge of the main sheerstrake. 
This level corresponded, however, approximately with the 
tween deck line of Ship “A”. The soft nose stem was again 
cut into and the hawsepipe shell flanges destroyed, at the 
same time the deck plating of both ships meeting at about the 
same level were extensively buckled although Ship ‘“A’s” 
tween deck cut well into the Motor Tanker “B’s” stem. The 
collapse of the stem completely smashed the starboard and 
port hawsepipes, a large piece of the latter pipe being found 
in Ship ‘“‘A’s” engine room. 

The section of the soft nose stem between the levels of the 
forepeak tank top and upper deck next came into contact 
with Ship ‘“A’s” side and the stem fold to starboard and aft 
about the line of the forepeak deck. The stem at this latter 
level was strong and it pierced the shell plating of Ship “A” 
about 12 in. above the lower landing of the second strake of 
plating below the main sheerstrake. Once pierced, the stem 
quickly cut into the remaining shell plates in a vertical line 
until the stem plating reached the line of the double bottom. 
The stem was torn open at this level, the port side plating 
was pushed inwards into the forepeak tank by the knuckle 
formed by the curved bilge plating on the after side of the 
cut in the plating of Ship “A”. The starboard side plating 
was set 2 ft. | in. to starboard in line with Ship “A’s” double 
bottom tank top over a vertical height of 9 ft. 0 in. extending 
down to the 13 ft. 6 in. draught mark. 

Whilst the stem was penetrating the double bottom tank 
the port side of the Motor Tanker “B’s” stem had crumpled 
up and folded back into the engine room of Ship “A’s” four 
strakes of this latter ship’s shell plating. 


ANGLE OF BLOW 


From measurements taken on Ship “A”, the collision con- 
tact angle on the shell plating was found to be 71° 30’ from 
the horizontal. The Motor Tanker “B’s” stem rake was calcu- 
lated to be 33° 45’ from the vertical. It can be proved 
mathematically that the angle of blow between the ships 
required to produce the contacts noted on the bulwark and 
upper edge of the main sheerstrake of Ship “A” is exactly 
72° 1’ leading aft. Checking the contact points obtained 
between Ship ‘“A’s” main sheerstrake and the first strake 
below the main sheer a variation of 1° 15’ was obtained. The 
former result of 72° 1’ represents a more exact calculation 
as the points of contact taken are smaller and closer together 
and therefore the chance of error is reduced. 


Earlier in this letter we refer to the cut found in the 
bottom plating and made by the stem of the Motor Tanker 
“B”. The cut could be measured accurately and reproduced 
to scale. The centreline of this cut was inclined at an angle 
of 72° 20’ leading aft. This represents a good check upon 
the calculated results. Further, the angles which the lines of 
the Motor Tanker “B” folded deck plates subtend with the 
ship’s centreline at the forecastle deck level and forepeak tank 
upper stringer level are 73° 20’ and 69° 45’ respectively. 
These angles are also a guide to the correctness of the calcu- 
lated angle. 

We are of the opinion that the angle of blow between the 
centrelines of Ship “A” and Motor Tanker “B” was 72° with 
the Motor Tanker “B” leading aft on the starboard side of 
Ship “A”. 

For clarification a sketch of the probable disposition of the 
ships at the time of the collision is appended to this letter (see 
Fig. 1). 


Motor Tanker B. 


Fic. 1 


Probable disposition of the ships at time of the collision. 


RELATIVE SPEEDS 


In the case of Ship “A” the folding back of the severed 
shell plating on the after side of the large hole in the shell 
has been mainly caused by the forward velocity of Motor 
Tanker “B”. The absence of heavy scoring in way of the 
accommodation entrance in the upper deck casing and the 
clean hole produced by Motor Tanker “B’s” anchor are not 
indicative of a high forward velocity on the part of Ship “A”. 

In the case of Motor Tanker “B” there has been sufficient 
velocity in the forward direction to penetrate Ship “A’s” hull 


to an approximate depth of 12 ft. 4 in.; also there has been 
sufficient velocity to crush the stem of Motor Tanker “B” and 
set in back 12 ft. 3 in. The severed upper portion of the stem 
was set to starboard as was the section of stem plating 
between the forepeak tank top and upper deck levels. The 
setting to starboard of these portions of the structure has 
been due partly to a combination of the forward velocity and 
angle of blow of the Motor Tanker “B” and partly to the 
forward velocity of Ship “A”. 

By measurement it was found that during the period of the 
actual collision a fixed point on Ship “A’s” hull travelled a 
distance parallel to the ship’s centreline of 7 ft. 6 in. Likewise 
a fixed point on the Motor Tanker “B’s” stem travelled a 
distance of 20 ft. 0 in. in line with the vessel’s centreline. We 
know of penetration of the Motor Tanker “B’s” stem into 
Ship “A” and also the distances of set of the Motor Tanker 
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“B’s” structure at three levels at the time the collision period 
was completed. 

The foregoing figures give a mean velocity ratio of 1:2°64. 
This ratio is an indication of the probable velocities of the 
ships but it cannot be accepted as exact. This is because the 
conditions of retardation during the collision period are not 
constant for both ships. 

We consider the relative velocity between the two ships at 
the time of the collision to be about eight and a quarter knots. 
We are of the opinion that at the time of the initial contact 
Ship “A” had a forward velocity of about one and a half 
knots and that the Motor Tanker “B” had a forward velocity 
of approximately seven point seven knots. 


Yours faithfully, 
A. SURVEYOR. 
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Discussion on Mr. Sedgwick’s Paper 


SALVAGE ASSOCIATION DAMAGE SURVEYS 


Mr. J. MILTON 


A lot of us here this evening have known Mr. Sedgwick 
for many years and some of us have been privileged on occa- 
sions to work with him. 

I only wish the paper he has now written had more engi- 
neering material in it, and that it had been available when I 
first started as a young surveyor. On reading the paper I 
pencilled two paragraphs in the text which I think Mr. Sedg- 
wick could enlarge upon: — 

Firstly, the definition of a latent defect, i.e. “a latent defect 
is something within the material which is not discernible by 
normal diligence”. 

I picked on this paragraph because some years ago I was 
very much involved in an investigation into the cause of a 
machinery smash-up which had resulted from a main engine 
connecting rod fracturing beneath its fork, whilst the ship 
was homeward bound on her maiden voyage. The resulting 
damage was such that the engines had to be taken out of the 
ship and rebuilt. The result of the investigation proved 
beyond doubt that the connecting rod which had failed had 
fractured in way of a weld. 

My reason for quoting this incident is that apparently this 
weld was done, without anybody in authority knowing about 
it, when the forging had failed to clean up on machining. The 
rod had subsequently been finished-machined and _ passed 
through the normal inspection given to such items. Such 
being the case, if the existence of this weld was only known 
to the actual welder and the machinist and it passed through 
inspection where “normal diligence’ was used, would it be 
classed as a latent defect? 

My second remark concerns the negligence clause and I 
thought perhaps Mr. Sedgwick would like to enlarge on the 
fact that there appears, according to Lloyd’s List, to be an 
ever-increasing number of defects arising in machinery which 
are put down to negligence. Whilst on survey work, I always 
had the impression that this was the last reason that Super- 
intendents would resort to when endeavouring to assess the 
cause of machinery damage. Does this attitude exist at the 
present day? 

Mr. J. MCAFEE 

The Society’s surveyors stationed in the U.K. and near 
Continental ports are seldom called upon to make damage 
reports for underwriters or other parties. Their first experi- 
ence of such work may therefore often arise after transfer to 
some unfamiliar port where there may not be an opportunity 
to call upon the help and advice of an experienced colleague. 
Thus the surveyor will be forced to rely on his notes and 
instructions. which are hardly likely to cover the many varia- 
tions and problems which damage surveys give rise to. In these 
circumstances the Staff Association is fortunate in having this 
paper from the Technical Head of the Salvage Association 
which, read in conjunction with the Society’s own instructions, 
will be a valuable guide for the newcomer to this type of 
work. 

The engineer surveyor will note Mr. Sedgwick’s remarks on 


page 3—that he is likely to be faced with more problems than 
his ship colleague. This largely arises from the fact that the 
cause of damage to a hull is usually fairly clear. For example, 
the condition of the after shell plating in the illustration on 
page 4 is evidently due to collision and not to fire or heavy 
weather. 

I was particularly interested in Mr. Sedgwick’s remarks on 
the cause of damage to machinery, because we find Average 
Adjusters pursuing such cases ad nauseam and years after 
the event when the surveyors concerned have long forgotten 
the incident. I can see the purpose of this where damages 
have to be divided between different policies but where a 
single piece of machinery has suffered and there are no 
secondary effects, then I find it difficult to understand why, 
from the underwriters’ point of view, the cause of damage 
should be so important if the owner has covered himself for 
all eventualities. 

A case of this nature arose some years ago when questions 
were being raised about the failure of turbine blades which 
had taken place a considerable time before. The Average 
Adjuster was anxious to establish the cause, which had not 
been stated in the damage report, probably because at the 
time no one was quite sure. After a great deal of correspon- 
dence and searching of journals at ports which the surveyors 
concerned had long left, the owner finally telephoned one day 
and said that it did not matter what was the alleged cause 
since he was covered for all eventualities and he was only 
anxious that whatever reports were made by the people con- 
cerned should at least all say the same thing. The damage was 
finally attributed to heavy weather and this rather surprising 
conclusion was accepted. 

Then we have our old friend, the latent defect. This some- 
times may be perfectly genuine, as in the tailshaft case cited 
by Mr. Sedgwick, but more often than not, the term is a 
synonym for sheer ignorance of the cause. 

I believe that Mr. Sedgwick—although he calls it a hypo- 
thetical case—is actually quoting from experience when refer- 
ring to the fracturing of internal combustion engine parts due 
to inadequate cooling, at first attributed to negligence but 
subsequently proved to be a fault in design. As he says, such 
a case is of interest to everyone but it would be a bold, 
courageous and possibly indiscreet surveyor who would 
openly state in his report that faulty design was the cause of 
damage since, if he says so, he is not only criticising the 
builder but, by implication, also the Society with which the 
ship is classed. This is bad enough if it is his own Society but 
dangerous to the point of libel if the vessel is classed with 
another organisation. 

It has to be remembered, of course, that many owners 
prefer not to have underwriters’ damage surveys carried out 
by the classification surveyor but rather by some independent 
person so that they may, as it were, retain the classification 
surveyor entirely on their side in the hope of supporting their 
own interests. This, of course, is a critical point because a 
classification society should maintain its reputation for impar- 
tiality. 

Mr. Sedgwick concludes with a sample report giving a most 


detailed analysis of a collision case in which the angle of blow 
and relative speeds of the ships have been worked out with 
mathematical exactitude. 

Although ship B was travelling at the greater speed and 
appears at first glance to have been the offending party, the 
Rules for preventing collisions at sea would, on the other 
hand, appear to put the onus for keeping out of the way on 
to ship A. All in all, it would seem that the surveyor con- 
cerned has been usurping the functions of a Court of Inquiry 
into the cause of the accident and therefore himself moving 
into deep and dangerous waters. 

It was therefore a relief to hear Mr. Sedgwick say during 
his lucid presentation of the paper that he, for one, would not 
expect an appointed surveyor to take on such an investigation. 


Mr. J. GUTHRIE 

I enjoyed reading Mr. Sedgwick’s very useful paper on 
Damage Surveys and I feel that he has crystallized and ampli- 
fied the advice given by most senior surveyors to their junior 
colleagues regarding damage reports. As the Author points 
out, collisions between vessels often result in litigation, when 
the damage report may be criticised and dissected phrase by 
phrase in the witness box. For this reason I should like to 
endorse his advice to keep strictly to facts, with a rider to 
avoid giving an opinion. 

Another point which I can endorse from bitter experience 
is that the surveyor has no authority to give instructions to 
carry out repairs, or for that matter, to engage a photographer 
to photograph the damage. He can only recommend, unless 
he wants a sizeable account to be rendered to his local office, 
and on the subject of photographing damage, this is not as 
innocuous as it sounds. At the beginning of the war, in a 
neutral port, | was arrested as a spy for trying to photograph 
collision damage on a British ship—all in the course of survey 
duty. 

The Author touches very lightly on estimates for damage 
repairs, and I have never been quite sure who should open 
the tenders and allocate the repair: the underwriters’ or the 
owners’ representatives. Also, when costs and times vary 
considerably among several tenders, the quickest repair may 
also be the most expensive, with owners’ and underwriters’ 
interests pulling against each other. 

The “negligence” cause in the policy should be treated with 
the greatest reserve, as seamen’s jobs may be jeopardised by 
careless phraseology in the report, and the surveyor could 
thus incur the Union’s wrath. As stated above, a direct 
opinion should not be given but the damage could be 
described as “consistent with such and such a cause’’, leaving 
the Average Adjuster to sort that point out. 

The Author states that the surveyor attending the damage 
survey should give an estimate for deferred repairs, but as 
these will almost certainly be carried out in a home port 
where costs and conditions may differ widely from the sur- 
veyors’ local experience, | cannot see that this estimate will 
be of much help to underwriters. 

May I, at the risk of appearing tedious, suggest to my 
younger colleagues a few points to remember in their reports, 
based on many years of damage surveys in various ports 
abroad: — 

(a) Keep technical and nautical terms to a minimum. 

(b) Give as much descriptive detail of the vessel(s) as possible 
in the report heading. 

(c) Give a short general description of the damage at the 
beginning of the report, to allow the reader to visualise it. 
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(d) Give a comprehensive and exact description of each 
structural item, stating condition as found, recommenda- 
tion for repair and dimensions for estimating. This is the 
meat of the report and should enable a shipyard esti- 
mator to give a firm price. Report logically, following a 
definite sequence from forward to aft; ship structure 
first, then engines, boilers, deck machinery, equipment, 
etc. Use plenty of headings and sub-headings, and in a 
long report, give an index. Avoid such phrases as “renew 
as necessary”, but state a permissible amount. 

(e) In costing, allow for removing or renewing and painting 
good material for access to repairs, also credit for scrap 
sold to repair yard. 

Finally, I cannot agree with the Author’s specimen letter 
for angle of blow as given in the Appendix. All the informa- 
tion contained in this verbose report could have been con- 
densed into a few crisp sentences. It is too technical for the 
layman and too circumstantial for the technical man. Also, it 
lacks conviction, as the various angles mentioned in the text: 
72°20’, 33°45’, 69°45’, 72°1’, etc., are hardly likely to be 
measured by a chalk-line and a carpenter’s folding rule. These 
angles were presumably scaled off from ships’ plans, assuming 
both vessels on a perfectly even keel, and apparently it never 
occurred to the Author’s imaginary surveyor that a vessel can 
heel over 20° on collision impact, thus upsetting his precise 
mathematical analysis. Are we seriously expected to believe 
that this imaginary surveyor, by looking at a mass of tangled 
wreckage, can calculate the collision angle to an approxima- 
tion of one minute of arc, and that he can estimate the speed 
of each vessel with an accuracy of one tenth of a knot? 

As Marshal Bosquet remarked on an earlier occasion: 
“C’est magnifique, mais ce n’est pas la guerre”. 


Mr. P. F. H. BREBNER 


This is a most constructive paper dealing with the many 
varied aspects of Damage Surveys. For my part, I would like 
to mention that part of the machinery which, in my opinion, 
is most prone to suffer damage, namely, the ship’s propeller, 

Damage to the propeller is generally caused by contact, 
grounding and fouling, and damage is usually sustained to the 
blade tips and edges. In the case of large and new propellers 
where one blade may be lacerated and distorted and where 
fairing and dressing of the affected part gives a reasonable 
repair, some owners are insistent in their claim for a new 
propeller. The surveyor faces a rather delicate situation in 
these circumstances—on the one hand while the offending pro- 
peller may be considered efficient for subsequent use, on the 
other, the vessel (i.e. the propeller) should be placed in as 
good a condition as before the alleged casualty. The Author’s 
comments on this would be appreciated. 

A second point deals with the loss of crew’s personal effects, 
due to fire or heavy weather damage and on which owners or 
masters file claims on behalf of the crew. 

I would like to know if it would be in order, in these 
circumstances, to accept a document itemising these effects 
and the said document being suitably endorsed by the master 
and chief officer. Whilst not specifically mentioned by me at 
the time of the discussions, I would now like to ask if the 
same procedure could also apply to the loss of ship’s accoutre- 
ments and refer to galley portable equipment, stewards mess- 
ing equipment, cabin and saloon furniture and the like. 

Finally, the estimated cost of repairs. At the outset of all 
damage surveys on behalf of the Salvage Association, where 
the surveyor in his terms of reference is requested not only 


to ascertain the nature and extent of damage, the cause, the 
recommendations to effect repairs, the time required to carry 
out these repairs, but also to estimate the cost of these repairs. 
Mr. Sedgwick made mention to say, that if the surveyor was 
unable to estimate cost he should say so. From my own 
experience, Lloyd’s Agents, by whom the surveyor is appointed, 
are without exception insistent that costs be given and, I might 
add, they have to be very nearly correctly estimated. In the 
case of CTL, or constructive total loss, where hundreds of 
thousands of pounds are involved the surveyor has to do 
some pretty hard thinking and effort is considerable where 
time is all important. 


Mr. J. LEATHERBARROW 


I, too, would like to thank Mr. Sedgwick for a most inter- 
esting paper. 

From my own experience I can confirm the time lapse 
referred to by earlier speakers. On one occasion a Damage 
Survey was held on a vessel and repairs deferred until Special 
Survey (due approx. three years hence). Queries arose some 
four years after completion of repairs, fortunately these 
queries were answerable from the original notes and sketches 
made almost eight years earlier. 

I would ask Mr. Sedgwick to comment further on two 
points: — 

(1) Asa certain amount of owners’ work may be undertaken 
concurrently with damage repairs, should the surveyor 
note the extent of such work in order to later advise the 
Average Adjuster on apportionment of general expenses? 

(2) The Author defines excess cost of overtime as the 
amount of bonus or reward paid to a workman for over- 
time working. 


In my opinion this favours the shipowner who is respon- 
sible for these excess costs. Surely the contractor is justified 
in adding at least a percentage of his establishment charges 
to cover the costs of non-productive labour (timekeepers, First 
Aid attendants, etc.) which may be shared by a number of 
vessels, also the costs of electricity, power, machinery depre- 
ciation, etc. 


Mr. W. SIGGERS 


I believe this is the first occasion in the history of the Staff 
Association that a paper has been read by an officer of the 
Salvage Association and, in remedying this omission, we are 
fortunate in having one from such an experienced and 
authoritative source as Mr. Sedgwick, whose remarks will I’m 
sure be of considerable assistance to our Surveyors in carry- 
ing out and reporting Damage Surveys which form an 
important part of our work. 

I suppose it could be said that the Salvage Association’s 
motto “Seek the Truth’ means much the same as our “With- 
out Prejudice” and, although their principal clients are the 
underwriters, whereas Lloyd’s Register exists largely to serve 
the shipowners, we seem to proceed along roughly parallel 
lines. 

| have often wondered how the Salvage Association came 
to choose their telegraphic address of “Wreckage”, which it 
is to be hoped is not intended as a reference to the members 
of the Association or their activities! 

Mr. Sedgwick points out that if a surveyor is asked to do a 
Damage Survey by anyone other than a Lloyd’s Agent, he 
should at once notify Lloyd’s Agent and I think it should be 


added that, before doing so, the surveyor should obtain the 
consent of the owner or his representative which is almost 
invariably given without hesitation. Of course, no survey of 
any kind can be held on a ship without the owners’ consent. 

As the paper points out, it is rare for a surveyor to Lloyd’s 
Register to be called upon to survey damaged cargoes and, 
to complete the record, it should be stated that, in addition 
to informing Lloyd’s Agent before acceding to such a request, 
the surveyor must also obtain the consent of the Committee 
of Lloyd’s Register because his warrant of appointment 
expressly forbids him to survey goods or cargoes for any pur- 
pose without such consent. The same applies, of course, to 
fixed objects such a quays, piers, etc. 

Mr. Sedgwick mentions briefly “Loss of Hire” and “Loss 
of Earnings” policies and it would be helpful to have a little 
more information about them. For instance, if a surveyor is 
required to include these items in his report, is it sufficient 
for him to state the number of days the ship was out of 
action while damage repairs were being effected? 

If an owner, with the agreement of the surveyors, wishes 
to do temporary damage repairs and to postpone permanent 
repairs to a later date, can he claim for both or only for the 
latter? 

Log-books are not always a reliable guide to the cause of 
damage. I remember that in 1946 a ship loaded with iron ore 
and well down by the head arrived in Stockholm after having 
struck a mine, according to the log-book but, when she was 
dry docked, it was found that there were large chunks of 
rock wedged in the torn plating of the bottom forward. 

The paper states that, in the case of machinery used in 
efforts to refloat following a grounding, opening up of the 
main engine and sea water pumps might be allowed in a 
damage claim, but not independent feed pumps or boiler fan 
engines. Would it not be reasonable to conclude that if it had 
been necessary to force the main engine, it would also have 
been necessary to force the boilers and overload feed pumps 
and fan engines? 

On the question of geared turbines, although it is probably 
true that they do not often race, many crossings of the North 
Sea in third class cabins situated immediately below the steer- 
ing engine and directly above the propeller have convinced 
me that geared turbines do sometimes race! 

In dealing with failures of screwshafts Mr. Sedgwick men- 
tions absence of keyway radius as a possible cause, pointing 
out that such absence could be seen by normal diligence at 
any Screwshaft Survey and inferring that a shaft without a 
radius in the keyway should be thrown out by a diligent 
owner whether it is cracked or not. 

I cannot accept this because, although it is clearly prefer- 
able to have a suitable radius at the root of the keyway, there 
must be hundreds of ships having shafts with little or no radius 
which have nevertheless given satisfactory service. It should 
also be borne in mind that Classification Rules relating to the 
form of screwshaft keyways are of very recent date. 

In a recent case a surveyor rejected a shaft because of 
fatigue cracks at the large end of the cone and reported that, 
in his opinion, the cause of failure was a badly fitting rubber 
ring which had allowed sea water to come into contact with 
the cone, causing corrosion and leading to corrosion fatigue 
cracks. 

The Average Adjusters asked whether the surveyor would 
have condemned the shaft if corrosion had been found but 
no cracks, and I am not clear as to the reason for this query 
because the significant fact seems to me to be that a leaky 


rubber ring was the prime cause of damage. Perhaps Mr. 
Sedgwick would clarify this point. 

There is little to cause comment in the Appendix to the 
paper, except to express admiration for the comprehensive 
nature of the report and the devotion to duty of the man who 
did all this work on 26th December—a Bank Holiday. Instead 
of signing himself ““A Surveyor” he might well have felt like 
calling himself “A.P.B. Surveyor”. 

In conclusion, I should like to thank Mr. Sedgwick for the 
paper and to voice my personal regret that it was not avail- 
able some 30 years ago when I joined Lloyd’s Register. 


Mr. S. BLAKEMAN 


Grateful thanks are extended to Mr. Sedgwick for present- 
ing a most interesting paper which I feel will be appreciated 
by many surveyors. 

With reference particularly to page 5 concerning failures of 
tailshafts the information given is very useful. However, I 
would be pleased if Mr. Sedgwick could perhaps give a little 
further information regarding this subject, particularly in con- 
nection with the Salvage Association’s memorandum to the 
Instructions to Surveyors regarding the recommendation of 
detailed metallurgical examination of fractured tailshafts 
when the cause of damage is in doubt. 

It would be appreciated if an example could be given show- 
ing the precise tests, e.g. physical, chemical and metallurgical, 
which would fulfil the requirements necessary to investigate 
the true cause of damage. It is my experience that in many 
Damage Survey cases the damage is often obvious, but the 
true cause of damage is not, and perhaps the clarification of 
the point raised may assist in the “seeking of the truth”. 


Mr. ©. Dy PHILLIP 


I would like to thank the Author for a very interesting and 
informative paper which will be of great assistance to sur- 
veyors, especially those in the outports, when attending ships 
for Damage Surveys. There are several comments I would 
like to make: first of all, regarding exclusive surveyors to 
Lloyd’s Register. The fact should not be forgotten that when 
a Lloyd’s Agent “appoints a surveyor” he actually appoints 
Lloyd’s Register of Shipping and not a particular surveyor. 
This being so, the exclusive surveyor must, at all times, com- 
ply with the “Instructions to Surveyors” and should he have 
any doubt as to whether the instructions received from the 
Lloyd’s Agents are outside the scope of duties referred to 
therein, then he should seek the advice of the Principal or 
Senior Surveyor at the port. Furthermore, in my opinion 
surveys on board ships to estimate the angle of blow and 
probable speeds of the ships at the time of the collision does 
not come within the scope of duties of a Surveyor to Lloyd’s 
Register of Shipping, because by doing so he would become 
involved in apportioning liability. 

There is no doubt, however, that the surveyor could report 
all the facts necessary together with appropriate photographs 
to enable a calculation to be made by one of the technical 
staff of the Salvage Association, 

With reference to the preliminary particulars of cause, 
nature and extent of damage found, recommendations and 
cost, which are cabled to London Salvage through Lloyd’s 
Agents, I assume that in all cases where steelwork is involved 
it would be in the interests of underwriters to quote the quan- 
tity of steel to be repaired or renewed and at the same time 
state the cost per kilo or lb. but I should like to have the 
Author’s comments on this point. 


Lastly, in cases where a ship puts into a place or port of 
refuge to effect repairs to the ship necessary for the safe 
continuation of the voyage, I would be pleased to have the 
Author’s opinion as to what particulars are considered neces- 
sary to be reported, if any, for general average. 


Mr. J. FRIZE 

Complete renewals in way of damage are claimed particu- 
larly by builders and owners of new construction. Their atti- 
tude is that any part repaired by machining is no longer new 
and butts additional to the original are not to be considered. 
The extent to be renewed is then more than required for an 
effective repair: but how much less can the surveyor justi- 
fiably recommend? 

Is concentration of exclusive offices on the North Atlantic 
seaboards indicative of claims? A minimum of delay in 
appearing on the scene helps to find the truth. 

Could question-and-answer damage report forms be issued? 
These would reduce correspondence and assist the surveyor 
who may have the deductive powers of “A. Surveyor” but 
not his literary ability. 


Mr. J. F. VROUWES 


I have read Mr. Sedgwick’s paper with much interest and 
we have to be thankful for all the details the writer has given 
us. That the writer stresses the fact of machinery items being 
generally more complicated than hull damages is fully agreed 
to. Especially so when the machinery has been used for refloat- 
ing, saving the vessel from stranding or from a collision. 

Where the writer advises the surveyor to report on steel- 
work that, in addition to having sustained accidental damage, 
is found to be heavily wasted, I am of the opinion that we are 
on very dangerous grounds. The more so if this is going to 
be used by the Average Adjuster. The fact is that the vessel 
has been surveyed and after the survey should be in such a 
condition that she can withstand the usual wear and tear for 
another four years. 

If a classification surveyor is to report heavily wasted steel- 
work as part cause of the damage I think he must then, also 
at the same time, be able to report the reason for this extra 
wear and tear. 


Mr. H. G. SAUNDERS 


The Author is to be congratulated on a very informative 
and interesting paper on a subject that I have always found 
to be absorbing. 

As the Society’s surveyor in a small outport, | am occasion- 
ally requested to conduct surveys on behalf of the Salvage 
Association and, over a period of time, have found that 
perhaps the most difficult part of the whole operation is to 
“Seek the Truth”. 

In this respect, experience is probably the best asset, and 
it really is amazing how the various parts of what at the 
outset appears to be an almost impossible task, start to fall 
into place like a jigsaw puzzle until the picture is complete. 

As in most of the duties of a surveyor, irrespective of 
whether he is acting on behalf of the underwriters or classi- 
fication, it seems to me that the important thing is not to be 
stampeded into any rash decision, but rather to check and 
double check all the factors involved and arrive at a just and 
impartial decision “Without Prejudice”. 

Perhaps the Society’s and Salvage Association’s mottoes 
should be combined! 


Given sufficient time one could write a book on cases that 
have been dealt with over a period of years, but perhaps a 
brief description of one particular case will serve to highlight 
the Author’s reference to “Negligence” in machinery damage. 

The ship arrived at this port with serious damage to both 
main boilers, and the owners claimed “Crew Negligence”. 

A careful detailed examination of the boilers and ancillary 
plant revealed the following rather surprising conditions: — 

The de-aerator was not operating. 

The second stage feed water heater was leaking. 

The float of the heating coil observation drain tank was 
broken. 

The port and starboard Babcock & Wilcox W.T. boilers, 
all tubes were contaminated on the water side with oil, scale, 
sediment and just about everything that should not be in a 
boiler. All the generating tubes were heavily pitted and 50 
per cent had pinholes in them. The de-superheater pipes 
were almost completely corroded away inside the drums. The 
fire side was completely choked between tubes. 

The chief engineer reported that considerable difficulty 
had been experienced in maintaining water level in both 
boilers, the plant was hard to steam and the fuel consumption 
was excessive. 

There was no doubt that all this was the result of gross 
negligence on the part of the crew, over a prolonged period 
of time, but the underwriters in this case asked for informa- 
tion as to when the ship was last visited by the owner’s super- 
intendent. 

Another case of alleged damage that I can recall was a T-2 
Tanker that had been aground and the owners were claim- 
ing keel plates. This, of course, was damage resulting from 
docking, and was a particular weakness with this type of 
vessel. 

In conclusion, | must agree with the Author that photo- 
graphs taken by, or under the direction of, a surveyor can be 
a very important part of a survey report. 


Mr. P. MANSON 


This is a paper that is in my opinion long overdue, and I 
am sure welcomed by us all, particularly those of us who 
have to carry out surveys from time to time at the request of 
Lloyd’s Agent on behalf of Salvage Association. Having had 
the pleasure of being associated with Mr. Sedgwick on his 
visits to Japan, and being so far away from London, I take 
this opportunity to express my thanks to him for a very fine 
paper. 

Referring to page 5 paragraph 2 of the paper under the 
heading of heavy weather damage. If I may enlarge a little 
on Mr. Sedgwick’s remarks regarding double reduction gear- 
ing, I would like to add the following. It is agreed that, due to 
the mass inertia effect of the gearing, this may resist any 
tendency for racing, but it may also be useful to point out 
at this stage, as Mr. Sedgwick well knows, that gearing can 
also suffer as a result of heavy weather conditions. If steps 
are not taken to reduce the speed of the turbines, the torque 
transmitted along the shafting and gears would increase con- 
siderably. Particularly in the case of a ship being driven 
through heavy seas with a variation in propeller revolutions 
of 10 to 15, in which case it could cause damage to gears. 

It may be of interest at this stage to refer to the so-called 
automated ship. During the course of sea trials on board a 
tanker having diesel engines of 18,000 s.h.p. heavy weather 
conditions were encountered. In this case, the main engine 
was fitted with a Woodward-type governor, which was found 


to be very effective under the above conditions, so much so, 
that I had to draw the attention of the shipyard personnel to 
the fact that the fuel control lever was fluctuating from full 
to zero and vice versa, as the ship was wallowing through 
the sea. The person in charge was oblivious to what was 
happening outside the control room, and did not take into 
consideration the fact that the engine was being overloaded. 
In fact, one or two cylinder cover joints subsequently started to 
blow, and the main engine was later stopped and the covers 
tightened up. What would Salvage Association’s attitude be 
in the case of damage to machinery as a result of overloading 
or any other conditions for that matter, where this could 
happen during the night, when there are no engineer officers 
on watch, as is the case on some ships these days, assuming, 
of couse, a ship is proceeding under similar conditions as 
indicated above, and being under bridge control only. Could 
this be captain’s or owner's neglect? 

Cracked tailshafts have long been a sore point between 
owners and Salvage Association. It is a requirement that in 
the case of screwshafts being found cracked, a section in way 
of the crack should be removed for metallurgical examina- 
tion. It is assumed that the main purpose of this is to prove 
that the material was of good quality, and did not contain 
inclusions, or other impurities or latent defects from which a 
crack could have started. Mention is made by Mr. Sedgwick 
of defective water sealing devices. Provided the seals are 
properly fitted and of suitable material, with the propeller 
carefully driven on the taper of tailshaft and effectively keyed 
on to same, it may be said that no circumstances of racing or 
propeller contact is likely to cause relative movement. It 
might be worth mentioning a case in Japan, where a ship 
ran aground, and in the course of grounding, the after end 
of the ship swung round to the shore. During this period the 
main engine was running at full speed, and the nikalium 
propeller came in contact with a huge boulder. All propeller 
blades were badly bent, and in all probability if the propeller 
had been of bronze the blades would have fractured. This 
ship was fitted with a white-metal lined sternbush having 
simplex-type seals. When the shaft was subsequently drawn 
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1,000 
slack in the keyway, the edge of the keyway being a little 
burred over in way. This gives one an idea of the force 
applied when the propeller struck the boulder. On magnaflux 
test of the cone no crack could be found, and this particular 
case I think stresses the point raised by Mr. Sedgwick of 
stress corrosion being one of the biggest factors contributing 
to cracks as found at the base of the propeller cone through 
leaking seals. 

In connection with bottom damages, and cost of repairs, I 
would like to raise two points: (a) In the case of a big bottom 
damage running into the region of, say, £50,000. From the 
first day of inspection of the ship, just having dry-docked, no 
tanks cleaned or prepared, how many days are considered 
reasonable before an estimate be submitted to Lloyd’s Agents 
for onward transmission to London? The reason this question 
is raised is because of an unfortunate experience I personally 
had a number of years ago, and by bringing this out now, 
may save some young surveyor embarrassment in the future. 
In this case the Lloyd’s Agent requested a rough estimate of 
costs practically from the day the ship dry-docked and, to a 
young and not so experienced surveyor, this could be danger- 
ous. Naturally, we realise that Salvage Association require 
this figure as soon as possible, but when a Lloyd’s Agent lives 


for examination the key was found to be 0:8 mm. or 


practically on one’s doorstep and pesters you for this informa- 
tion, it is useful to a young surveyor to know what is con- 
sidered a reasonable period, bearing in mind that, although 
a very rough estimate is called for by the Agent, London’s 
interpretation of this figure may not be the same as the 
Agent’s, or in other words the Agent may not communicate 
exactly the information passed on by the surveyor as it often 
happens this is given over the telephone ; (b) it is well known 
that the shipyards have two price lists, one for the owners, 
and one for the Salvage Association or Agents, although 
these lists are only used as a guide to prevailing costs of 
material and labour. The prices as indicated are never 
accepted at face value, particularly in Japan, where it is not 
uncommon to cut down repair bills as originally submitted 
by 15 to 20 per cent and, in this respect, it is considered this 
is one side of the work that is not appreciated in London, as 
they only receive copies of the bills as approved, and not as 
originally submitted. Difficulties have, however, also arisen in 
the past through the standard costs as submitted by the yards 
to the local Lloyd’s Surveyor not being in agreement with 
the figures given to the Lloyd’s Agents or Salvage Surveyor. 
This was particularly so a few years ago, and it is sub- 
mitted that consideration be given by Salavage Association 
through their local Agents to issue copies of price lists to their 
appointed representatives each year, so that some consistency 
may be reached, so far as estimating is concerned. It is known 
that the shipyards in Japan prepare these lists each year, but 
apparently they are reluctant to hand out copies except to 
Lloyd’s Agents. 

Once again I would like to express my grateful thanks to 
Mr. Sedgwick. 


Mr. J. C. HARRISON 


Mr. Sedgwick’s paper provides a clear chart for waters 
which many of us have hitherto navigated only with difficulty, 
and he deserves our sincere thanks for this service. 

My comments must inevitably be somewhat parochial as 
we in Pireeus have a strictly confined field of operations, but 
I believe that we carry out an unusually large proportion of 
Damage Surveys to Classification Surveys and also that the 
particular conditions prevailing in this area tend to accentuate 
many of our problems. Major cases are usually taken off our 
hands by Surveyors sent out specially by the Salvage Associa- 
tion but we are left with a very considerable residue of 
routine cases which frequently produce difficulties quite out 
of proportion to the magnitude of the damage entailed. 

Firstly, it is our experience that from time to time ships 
come under survey for a legitimate damage and that the 
owners make every effort to persuade the surveyor that 
damages which, in his opinion, are wholly irrelevant wear and 
tear damages, are, in fact, attributable to the same incident. 
We endeavour to dissuade the persons concerned from making 
such claims and make it clear that we shall lend them no 
support. in our report. However, some owners frequently 
persist in such claims, evidently in the belief that they have 
nothing to lose and may possibly get a more sympathetic 
hearing from the underwriters and Adverage Adjusters than 
they have from the surveyor. It is rarely that we hear of the 
outcome of such cases and we would be interested to know 
Mr. Sedgwick’s views as to the extent that the surveyor 
should take it upon himself to reject manifestly unallowable 
claims. ‘ 

It is most welcome to see in writing that a damaged plate 
should not be renewed in its entirety if a repair acceptable 


for Classification purposes can be effected by cropping and 
part renewal. I think that all surveyors have an innate feeling 
that this is the correct approach but it is a widely disputed 
principle and most owners expect complete plate renewals as 
a matter of course. I can confirm that they receive no 
encouragement from us, but a great deal of needless argument 
is frequently entailed and written support coming from such 
an authoritative source will be of great assistance to us. 

The greatest problem we encounter in this area is unques- 
tionably that of costs. There are many small repair firms in 
our district, mostly with very limited facilities and quite rudi- 
mentary costing systems. In this business, the legitimate price 
for a repair is regarded as being the maximum which can be 
obtained and experience has shown us that it is practically 
impossible to get the repairer to give the owner a fixed con- 
tract price, or a reliable estimate, before the work is put in 
hand. If a price is obtained, it is usually found that the 
accounts submitted on completion bear no relation to the 
figure originally quoted, a whole variety of plausible explana- 
tions being put forward to account for the difference. The 
Lloyd’s Agent with whom we customarily deal, and this we 
presume is normal practice, requires a brief report and an 
estimate as to the cost of repairs, immediately after a pre- 
liminary inspection, so that his Principals may be put into 
the picture. This lays a considerable burden on the surveyor 
as, whatever the figure he puts forward, he is likely to find 
that it is less than the final cost by a very large margin. He 
then finds himself heavily committed in defending his own 
estimate and challenging the accounts. This introduces the 
very thorny question as to what is a reasonable cost. If, by 
coincidence or collusion, all repairers quote a similar price 
for a job but a price which is none the less greatly inflated by 
any rational method of costing, is that, in the absence of any 
alternative, a reasonable price? My own feelings on this 
subject is that a surveyor should not be required to approve 
accounts other than verifying that the charges concern only 
the work carried out in respect of the damage under con- 
sideration. As to the reasonableness of the accounts, it is felt 
that underwriters and average adjusters must, on the basis 
of the accounts continuously passing through their hands, be 
in a better position to judge than a surveyor can ever be. 
Alternatively, if it is required that a surveyor make a close 
scrutiny of actual costs, I feel that guidance in the form of 
acceptable price schedules for repairs to the more easily 
definable and common forms of damage should be circu- 
larised at regular intervals. While prices would obviously 
vary somewhat from country to country, an average price 
could be established which would give the surveyor some idea 
as to how the charges he was being required to approve stood 
in relation to those being accepted elsewhere in the world. 

A final point I would like to raise concerns the failure of 
machinery components from latent defect and the consequen- 
tial damage arising therefrom. Mr. Sedgwick quotes the case 
of a tailshaft with a latent defect which results in the loss of a 
propeller. In this case, the replacement of the propeller would 
be allowable while that of the shaft would not. What then, 
to take an extreme hypothetical case, is the position when a 
bottom end bolt in an auxiliary engine fractures as a result 
of latent defect and, as a consequence, the whole of the 
engine disintegrates. Is the owner entitled to the cost of a 
replacement engine, less the cost of one bottom end bolt or 
is the whole engine considered as being of faulty manufac- 
ture and, as such, irrecoverable? 


Mr. P. J. BEAMAN (Genoa) 


I have read Mr. Sedgwick’s paper on “Salvage Association 
Damage Surveys” with much interest and appreciation. 

Frequently owners or their representatives privately request 
ship repairers to tender for the repair of damages, but it 
would appear that they are not obliged to divulge the ten- 
dered prices to the surveyor. Can this be insisted upon? 
Under what circumstances would the surveyor be empowered 
to draw up a specification and call for tenders and who would 
empower him in the first instance? If the surveyor is em- 
powered to call for tenders, who accepts the tender, and who 
gives authority for the execution of the repairs? Owners 
often put repairs in hand before the surveyor arrives on the 
scene, and if the damage is extensive, the surveyor may 
consider that tendering would have been a prudent course 
for the owners to adopt. Naturally, the surveyor would advise 
the Lloyd’s Agents of his views, and they in turn would advise 
the Salvage Association, but in the meantime could the sur- 
veyor advise the owners to stop the work pending further 
advice from the Salvage Association? 

Discussing repair costs and accounts can be tedious 
especially where large sums in respect of extensive damage 
are concerned. The Salvage Association often request the 
Surveyor to discuss repair costs with the ship repairers, but, 
for guidance in future cases, can the Author give his advice, 
whether it is true, that it is owners’ whole responsibility to 
discuss his account with the repairers, and afterwards to 
submit it to the surveyors. After all, the owner is responsible 
for paying the repairer. The Author will probably have made 
more than one visit to a repairers’ office to discuss estimates 
or accounts, where his reception may not have been exactly 
cordial. 

Requests have been received at various times from the 
Salvage Association, to obtain accounts, or breakdown of 
accounts, from repairers, but surely this also is the owners’ 
responsibility, because sometimes repairers are not always 
willing to divulge such confidential information. 


Regarding overtime, owners sometimes ask the surveyor to 
“sanction” overtime working. The surveyor never knows 
whether, in any particular case, underwriters are concerned 
with paying excess cost of overtime or not. Could the Author 
say what exactly is the underwriters’ attitude towards over- 
time working, and, also, can the surveyor agree to overtime 


working at any time, without special instructions as in “Loss 
of Earnings” Surveys? There are, of course, times when 
overtime working is compulsory, e.g. when a ship is occupy- 
ing a dry-dock. 

Estimating the cost of deferred repairs must always be 
undertaken with extreme care. In a hypothetical case, the 
repair of damage may be deferred, and the surveyor’s estimate 
forwarded to the Salvage Association in the usual way. Even- 
tually the owners decide to execute part permanent repairs to 
the deferred damages, and to seek a settlement with under- 
writers for the remainder. The actual cost of the part perma- 
nent repairs is found to be less than that originally estimated. 
Are the owners therefore entitled to claim settlement at the 
higher sum originally estimated, or at a figure comparable 
with the lower cost of the part permanent repairs? 

Although the paper is comprehensive, some details appear 
to require clarification. For instance, is a wind force 7 a 
definite division between heavy and moderate weather? It has 
been noted that Average Adjusters have at times considered 
even force 8 to be apparently moderate weather, whereas in 
other cases, say, of deck damage, force 5 has been considered 
as heavy weather. What is the official ruling on minimum 
length of time a ship is aground. It has been suggested that if 
a ship takes the ground for more than three minutes she is 
regarded as stranded. Are there any geographical limits to the 
risk of stranding? What would be considered a reasonable 
time from an underwriters’ point of view, to elapse between 
ground and subsequent dry-dock examination, when claims 
against such items as sea valves, rudders or tailshafts would 
no longer be considered reasonable? In this connection the 
first paragraph on page 5 of the paper does not appear to be 
very clear. 

Regarding reports, it has been observed that there are con- 
siderable differences between the way Lloyd’s Register sur- 
veyors and the Salvage Association surveyors prepare their 
reports. Would the Author state which is preferred, and 
whether he considers any steps should be taken regarding 
standardising reports for all surveyors, whether they are 
Lloyd’s Register, Salvage Association Staff or Consulting? 

The Lloyd’s Register form of report as recommended in 
the Instructions to Surveyors appears to be a solid framework 
within which a detailed report can be written without “‘cramp- 
ing” the style of the individual. 

I am sure we are all greatly indebted to Mr. Sedgwick for 
his paper. 


AUTHOR’S REPLIES 


The Author feels that sincere apology together with 
explanation are due to members of the Staff Association for 
the long delay in dealing with comments arising from the 
above paper. 

This has been due to the Author being called upon to travel 
abroad quite extensively since retirement and also to under- 
take arbitrations which matters, being of prime importance, 
have had to take precedence over all other considerations. 

It is evident from the comments submitted that the paper 
has achieved its primary objective, namely, to stimulate 
interest and discussion which are now dealt with as follows: 


To Mr. MILTON 
The definition of a latent defect as “something within the 
material which is not discernible by normal diligence’’ is 


intended to be a workaday rule for the guidance of the 
surveyor rather than a legal definition of same. 

Within the field of merchant ship design and construction 
it is felt that all relevant matters necessary for an acceptable 
vessel would normally have the approval of Classification, 
whose officers would have the hull, machinery and equipment 
under surveillance during construction during which time 
certain destructive tests would be carried out as specified. 

Although the techniques of non-destructive testing are 
advancing greatly, it would neither be economically nor 
practically feasible to apply those techniques to all the items 
and materials which go into merchant ship construction. Thus, 
the situation exists that, without fault or privity on the part 
of the builders, a defect may be wrought into material and 
be undiscoverable by normal means and this defect, present 


“ab initio”, may never come to light throughout its lifetime. 

If, however, circumstances arose during the lifetime of the 
vessel would normally have the approval of Classification, 
the Assured would be expected to effect a remedy but it 
would not be inequitable that he should be required to bear 
the cost of effecting that remedy for, after all, the item in 
question was defective “ab initio” even if he was unaware of 
the defect. 

If, however, failure of the part in which the latent defect 
becomes patent results in damage to or loss of parts or 
material attached to, or associated with, the defective part, 
then the Assured has suffered a loss of those parts or materials 
which, but for the manifestation of a latent defect, were 
suitable and acceptable for continued use. 

The instance cited by Mr. Milton is perhaps exceptional in 
that, by malpractice, the fork of a connecting rod had been 
welded in way of a blemish, had subsequently been machined 
in such a manner as to be acceptable to an inspector who 
examined it normally and diligently, and had failed on the 
maiden voyage of the vessel causing extensive damage to the 
machinery. 

It may be considered that this defect did not exist because 
of inadvertence during manufacture of the connecting rod 
but rather that it had been quite deliberately, but covertly, 
created and to that extent differed from what is normally 
considered to be a latent defect. 

An instance of this sort may be a classical example of the 
dictum that an Assured who suffers damage to his vessel 
should act as would any prudent uninsured owner and so 
it has to be considered whether such an owner would be 
content to bear the cost of reinstatement of this new machin- 
ery, or whether he would seek redress from the builder, 
whose employee, by an ill-considered action had initiated the 
damage. 

Mr. Milton’s second remark concerns the incidence of 
defects arising in machinery which are put down to negligence, 
and unquestionably this sort of claim is increasing quite 
noticeably. 

The Author feels that it would not be desirable to attempt 
to set forth in precise terms just what may constitute negli- 
gence, for this may be an act of omission, or of commission 
and investigation of such acts would normally call for an 
examination of the log-books, which may or may not contain 
an accurate and coherent record of events leading to damage. 

To take a simple example, the starting up and running of 
internal combustion machinery by the engineers without first 
ensuring that the requisite cooling water and lubricating oil 
services were in operation, would seem to be negligence, 
provided that the owners and/or their managers had shown 
due diligence in the provision of proper cooling and lubri- 
cating appliances together with the means to maintain same 
in good order: in all cases the Assured is required. by the 
exercise of due diligence, to provide a properly maintained 
vessel in all respects, and to be without fault or privity if 
this condition is not fulfilled. 

The increase in numbers of negligence claims may to some 
extent be due to the increasing size and complexity of modern 
marine machinery, factors which may call for greater Vigi- 
lance on the part of watchkeeping engineers as regards 
pressures, temperatures, purity of boiler feed water, etc. 

The underwriter’s surveyor should, therefore, and so far 
as possible, investigate all the circumstances of a claim for 
damage alleged to be consequential on negligence and con- 
sider what he himself or any other competent and diligent 


engineer would have done in similar circumstances, and place 
his views on record. 

It may be stated here that by placing his views on record 
concerning damage, the surveyor does not become the final 
arbiter in the matter even though his opinions are always 
sought and held in high esteem. The examination and pro- 
cessing of a claim on a marine insurance policy does not end 
when the Survey Report is submitted, on the contrary, it really 
only begins then, when other relevant factors and considera- 
tions, perhaps unknown to the Surveyor who attends on the 
vessel, are subsequently disclosed. 

Nevertheless, the surveyor should always place on record 
his expert and unbiased opinions arrived at after due 
consideration of all the information available to him. 


To Mr. MCAFEE 


Mr. McAfee, in his comment, touches upon a matter which 
undoubtedly receives careful consideration from those respon- 
sible for technical advices whether they be for marine build- 
ing or repairing industry, or marine survey work at Govern- 
mental, Classification or underwriter’s level. Namely, that the 
surveyor is forced to rely on his notes and instructions which 
are hardly likely to cover the many variations and problems 
which may be found in damage surveys. It is certainly true 
that in the U.K. or near Continent, Classification surveyors 
are seldom called upon to make damage reports but on the 
other hand, however, in Northern European ports, quite con- 
siderable damage repairs are carried out, probably on a 
greater scale than anywhere else, and so the young surveyor, 
even if he is not participating in the damage survey, has good 
opportunity to observe procedures in effecting a repair, to 
form some idea of the manning scale, etc., etc., which is 
important information when discussing costs. 

Additionally, the engineer surveyor who has served at sea 
as a watchkeeping engineer may well have experience of 
damage and certainly is well acquainted with the proper 
handling of machinery at sea and repairs in port. 

Nevertheless, the young surveyor who is posted abroad and 
called upon to join in a damage survey and furnish advices 
on same, may well feel some diffidence at first with only his 
notes and instructions for guidance, but having become 
involved will find that usually it is not too difficult to differ- 
entiate between wear and tear and damage. He should aim 
for accurate and concise reporting of conditions as seen. In 
this respect and however absurd it may seem, there have been 
instances of quay wall ranging damage to shell plating being 
claimed on one side of a vessel, whereas on enquiry it was 
ascertained that the other side of the vessel was alongside 
the quay at the alleged time and place of the incident, or as 
has happened to the Author, he was requested to note, as a 
consequence of grounding, scrubbed plating and rivets on the 
side of a vessel at about G or H strake, i.e. far removed 
from any possible contact with the ground. 

Broadly speaking, damage falls into two categories, namely, 
allocated damage, that is to say, damage for which a definite 
date and cause is known such as fire damage, grounding, 
contact damage by collision or contact with a fixed object 
harder than water, which latter would include floating debris 
or underwater obstruction, such as submerged wreck, and the 
investigation of allocated damage should present no great 
problem so long as that which is being claimed is reasonably 
associated with the circumstances. 

The second category, namely, unallocated damage, is usually 
more complicated in that it includes such matters as heavy 


weather, the consequences of which may not be apparent or 
discoverable until some time later, or crew negligence for 
which there is seldom a clear-cut admission of fault and the 
outcome of which may have delayed and very widespread 
effects. 

The variations which can arise from unallocated damage 
are so widespread that it would be impracticable to attempt 
to set forth rules or instructions to cover every contingency 
and the guidance offered to surveyors acting on behalf of 
“damage” interests is to act in a detached and impartial 
manner, viewing the problem before him only on its technical 
merits and setting forth his views concisely in his Report so 
that, even if many years elapse before all the documents are 
considered in average adjustment, the views of the attending 
surveyor appear clearly in his Report. 

It may seem trivial and tiresome to pursue the question 
of damage, say, to a single piece of machinery from which 
there were no secondary effects, but there is good reason for 
the Average Adjuster to make these enquiries for he has all 
the documents before him including the policy of insurance 
and seeks to be assured that the item in question falls 
within the terms and conditions of that policy, there fre- 
quently being policies which vary either in scope of contents 
or date of application. 

This is perhaps exemplified by the case of turbine blades 
quoted by Mr. McAfee from which it would seem that the 
owner of the vessel had a very wide cover from which 
possibly only wear and tear was excluded. 

It may be convenient to consider here just what constitutes 
“damage”. No doubt in a Court of Law, much learned argu- 
ment could be advanced on the subject but, in broad lay 
terms, the Author holds the view that “damage” is a circum- 
stance which causes deterioration of a thing thereby render- 
ing that thing either wholly or partially unsuitable for its 
intended purpose. 

That circumstance may be foreseeable or unforeseeable ; 
for instance, if a shipowner has a normal steel ship and elects 
never to paint or otherwise protect the steel against the 
elements, corrosion would no doubt take place causing 
deterioration of the structure. Thus, such a vessel would have 
“damage” by corrosion—and the damage would be due to 
the fault of, or with the privity of the owner. 

Thus, if an owner provides a thing or embarks on a course 
of action with the realisation that “damage” would ensue, 
such “damage” could not be deemed to be accidental arising 
out of a peril of the sea or, to use marine insurance phrase- 
ology, a “peril insured against” but rather would it be the 
inevitable consequence of imprudence on the part of the 
owner. 

Therefore, to narrow down broad lay terms, the surveyor 
has to consider whether the owner has acted prudently and 
as if uninsured and whether the circumstances giving rise to 
damage and submitted for his consideration were fortuitous 
and reasonably associated or—to rephrase, whether by sensible 
reasoning—they were associated with the damage as seen. 

In a word, it may be said that there is always a reason for 
damage whether it be imprudence, wear and tear or of acci- 
dental origin although in the latter case the reason is not 
always readily apparent and to arrive at the cause requires 
sensible reasoning. 

There are instances, by no means rare, where divergence 
of opinion exists and if a surveyor holds an opinion at vari- 
ance with that of others present at the survey, it is but right 
that he should give his reasons for his conflicting views. 


In this context, defects in design may be mentioned for it 
may well be that in the broad field of his normal duties, the 
surveyor becomes aware of certain recurrent damages which 
have been shown by enquiry at factory level or research at 
laboratory level to be due to some inherent defect. As an 
example of this, older surveyors will recall that in some of 
the very early cylinder covers for four stroke internal com- 
bustion engines and having sea water cooling, there was 
persistent cracking on the inner face of the cover between the 
fuel valve pocket and the exhaust valve pocket and whilst 
experience has taught to avoid sea water cooling wherever 
possible, it was also found that, within the water space there 
was a restricted space between the above named _ pockets 
which was conducive to the formation of solid precipitates 
which in turn led to overheating and fracturing by thermal 
stresses. 

Fortunately, with the advance of research and knowledge 
in the design and construction of ships and their machinery, 
the incidence of design faults is now very low and the attend- 
ing surveyor may feel the greatest possible diffidence in pitting 
his views against all those concerned in the design and con- 
struction of a ship but nevertheless if something is palpably 
wrong and found to be so during the operation of the vessel, 
then failure to disclose this fault or the attribution of the 
fault to some reason other than the correct one, may result 
in perpetuation of that fault until such time as it becomes 
starkly evident by repetitive damage where the fault lies. In 
such cases the surveyor would be fully justified in sending a 
confidential communication jointly to his Principals and the 
Salvage Association which could lead to enquiry as to the 
incidence and alleged causes of that particular type of 
damage. 

Finally, Mr. McAfee refers to the sample report included 
in this paper and referring to a collision case. This however, 
was included as an example of the extremes to which such 
enquiry may lead. There have been instances far too numer- 
ous to mention where collisions have resulted in loss of, or 
injury to, lives and severe losses of property, both in ship and 
cargo and the purpose of a Court of Inquiry being to deter- 
mine where liability lay, it would naturally require the expert 
views of the contending parties and to judge therefrom which 
one was correct. 

In such cases an attending surveyor can usually form the 
opinion quite quickly that very large sums are likely to be 
involved, also that there is a likelihood of controversy as to 
liability and in these days of rapid communication and air 
transport he should advise the Salvage Association as quickly 
as possible so that, if instructed by the underwriters con- 
cerned, a special surveyor could be sent to the vessel 
promptly. 

As an immediate measure, the surveyor should recommend 
that photographs be taken of the damage before removal of 
wrecked steelwork or the erection of stagings or alteration 
of trim of the vessel obliterates the evidence of damage. 

He should also endeavour, so far as possible, to locate the 
evidence of first contact, bearing in mind that an angle 
disclosed by penetration is not necessarily the angle of blow 
but rather it may be a residual angle resulting from the blow. 
Nevertheless, the residual angle is important for the general 
character of the damaged steel work may disclose some 
evidence of the approximate speed and direction of travel of 
the damaged vessel. 

As an example of this the Author would mention a case he 
dealt with many years ago concerning a vessel which was 


insured Free of Particular Average Absolutely and which 
struck another vessel which was in fact stranded and had 
been so for some time. Being F.P.A. Absolutely, the vessel 
was precluded from claiming the damage she sustained by 
striking this stranded vessel but having as it were “locked 
horns” with that vessel it was alleged that the damage found 
was caused by extricating herself from that position by use 
of main engines and was therefore a deliberate sacrifice made 
to save ship and cargo. However, examination of the wrecked 
steelwork at the bow showed clearly that it was caused whilst 
the vessel was moving ahead and was, therefore, not sacrificial 
but was solely the result of an accident against which the 
owner was not insured. 


To Mr. GUTHRIE 


Mr. Guthrie very ably summarises much of what the 
Author endeavoured to convey in this paper. 

It cannot be emphasised too strongly that an attending 
surveyor has no authority to give any instructions for the 
execution of repairs or the incurring of costs unless specifi- 
cally instructed to do so. In like manner it would be improper 
for him to enter into any negotiation of costs with a contrac- 
tor without the knowledge or consent of the owner or his 
appointed representatives for it is to be remembered that at 
all times, until the law and/or Underwriters decree otherwise, 
the ship is the property of the Owners. 

The Author had perforce to touch lightly on the subject of 
estimates for the costs of repairs for it would be far beyond 
the scope of a paper such as this to set forth figures embracing 
all types of damage repaired in any port of the world. 

As concerns the enquiry as to who shall open tenders, viz. 
Owners’ or Underwriters’ representatives, the dictum that the 
vessel is the property of the Owners holds good and the 
person or body that invited tenders is the one to whom they 
should be addressed. In practice it is customary and to be 
recommended that when tenders are invited, the various 
contractors invited to do so should be informed that their 
tenders are to be delivered in sealed envelopes marked 
“Tender for repairs to s.s./m.v. .. .” and to reach a given 
address before a given time at which hour they would be 
opened by the person to whom they are addressed in the 
presence of and to scrutiny by Underwriters’ representatives. 

As tenders are intended to be competitive and as the essence 
of competition may be nullified by prior disclosure of tenders 
or, to say the least, doubts may be cast on their integrity, it 
is preferable that the address to which tenders are to be sent 
should be a reliable one such as Lloyd’s Agency where they 
can be held secure and handed over at the appointed hour 
for opening. 

When tenders are invited, it frequently happens that con- 
tractors are put to time, trouble and expense to comply with 
the invitation and it is but right that, if they so desire, they 
may be present at the opening of the tenders to ascertain the 
outcome of their efforts. 

Surveyors may on occasion be asked either to suggest or to 
approve the preamble for an invitation to tender and for 
their guidance a specimen preamble as used by Salvage 
Association Staff Surveyors is appended to these notes and it 
will be noted that this specimen contains a clause stating that 
the lowest or any tender will not necessarily be accepted. 

As soon as tenders have been opened and the Owners’ views 
thereon obtained by the surveyors he should advise the 
Salvage Association promptly as to the outcome and stating 
whether he concurs with or differs from the Owners’ proposals. 
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The subject of estimating the cost of deferred repairs is not 
without its difficulties especially in ports abroad and more 
especially when the damage has not been fully opened out to 
reveal its extent, but nevertheless it is necessary to furnish an 
estimate or approximation of cost in such cases for a number 
of reasons, for example, a vessel may be lost before permanent 
repairs are effected, the reason for deferring repairs may be 
to enable the owner to fulfil his trading commitments before 
immobilising his vessel for repairs. 

Underwriters may wish to be advised as to their possible 
future financial commitments as respects the vessel and it is, 
of course, possible that the terminal port at which repairs are 
carried out may be more expensive than the port at which 
survey was held and repairs were deferred. 

These are matters which do not normally call for interven- 
tion or action by the surveyor, but they may be matters for 
negotiation as between the Principals interested in the vessel, 
but they are mentioned to demonstrate that it is not just 
capricious for the surveyor to be asked to furnish estimates 
for deferred repairs and, whilst there may be occasions when 
by total inaccessibility, lack of time, etc., which make it 
impossible to furnish an estimate, every endeavour should be 
made to comply with the request. 

Finally, reverting to the question of an angie of blow 
report concerning collision, it should be stated that the 
surveyor who prepared the specimen report included in this 
paper has devoted very considerable time and study to this 
problem, his thoughts being conditioned to some extent by 
matter published in the Institute of Marine Engineers Trans- 
actions, Volume 5, No. 1, dated April, 1961, this being the 
Journal of the Joint Panel on Nuclear Propulsion, contained 
“Observations on the Design and Construction of  s.s. 
Savannah” and with particular reference to the strength of a 
crash barrier to safeguard a hull in way of the reactor. 

It is presently obvious that, whilst very great sums may be 
involved in damage caused by collision between the large 
merchant vessels now operating or planned, these amounts 
may be dwarfed if, in the future, collision occurs between 
one or more nuclear propelled vessels, and in any Court of 
Inquiry held to determine liability, it is but right that the 
technical advice proffered should be carefully reasoned, 
mathematically accurate and based on the closest possible 
examination for, as already stated, the resultant angle of a 
blow is not necessarily the initial angle. 


To Mr. BREBNER 


Mr. Brebner refers to the extent of repairs to be recom- 
mended in the case of a damaged propeller and here it may 
be stated—and the statement applies to damage of any 
character—that, according to the terms and conditions of a 
normal Marine Insurance Policy, underwriters’ liability is for 
the reasonable cost of repairs and in assessing what is reason- 
able, the surveyor may ask of himself what a prudent un- 
insured owner would do. 

A normal manganese-bronze propeller is quite an expensive 
item costing in the U.K. at the present time around £550 to 
£570 per ton so that, for a modern large vessel sums of 
between £13,000 to £18,000 may be involved in the purchase 
of a new propeller although it must be added that it would 
be normal for a credit of 25 per cent to 30 per cent to be 
allowed for the damaged propeller. 

The surveyor, unless he possesses exceptional knowledge of 
propeller repairs, may find some difficulty in determining at 
sight whether or not a propeller with significant damage could 


be repaired but it is fundamental that, if the main and un- 
damaged weight of the propeller could be saved there would 
be a considerable saving in cost. 

For guidance on this subject the Author would state that 
when dealing with propeller damages at surveys and in doubt 
he recommended wherever possible that a reputable propeller 
manufacturer be consulted, preferably the original manufac- 
turer who, by research and experience is in the best position 
to advise whether an effective repair could be carried out. 

This comment applies to cases where a sizeable piece of 
blade is missing or heavily deformed; minor laceration or 
buckling of blades clearly would not be sufficient to warrant 
renewal of a propeller. 

In all cases, however, if the surveyor considers that if a 
course of action submitted for his consideration appears 
extravagant or unwarranted, it would be in order for him to 
advise the claimant of his views advising at the same time 
that he would therefore report the facts entirely without pre- 
judice as to liability leaving the merits of the case for decision 
at a higher level. 

As regards the second point, namely, loss of, or damage to, 
crew’s personal effects by reason of an accident to the vessel, 
it is not normal for these to be included in an ordinary 
marine insurance policy and unless specially instructed to 
take notes of a claim for personal effects—and this would 
be a rare, perhaps unique, event—there is nothing the surveyor 
can do in the matter. 

The position regarding ships’ equipment, furniture, furnish- 
ings, etc., etc., is, however, different, for all these are true 
property of the owner and are to be recorded if claimed as 
damaged or lost, but it may be mentioned that if consumable 
stores such as paints, oil, etc., were stowed on deck when 
loss or damage was sustained, this fact should be placed on 
record for it may be considered that a prudent owner or his 
servants would ensure that all such items were properly 
stowed and safeguarded against the elements or hazard. 

Mr. Brebner’s final comment concerning estimated costs of 
repairs has already been mentioned in the foregoing text and, 
further reference will be made when dealing with Mr. 
Manson’s comments. 


To Mr LEATHERBARROW 


Mr. Leatherbarrow requests comment on two points. First, 
should the surveyor note the extent of owners’ work being 
carried out concurrently with damage repairs? 

The position here is that if the owner effects maintenance 
repairs concurrently with damage repairs the surveyor should 
comment to this effect in his Report and additionally should 
ascertain whether any of those repairs were necessary for 
seaworthiness of the vessel. If such is the case he should 
mention the items by name and give his estimate of overall 
time for executing those repairs if effected alone, also his 
estimate of the time required in dry-dock if any. 

It may be timely to point out once more that in no circum- 
stances should a surveyor attempt to apportion dry-dock 
charges for there are certain established Rules of Practice 
which are to be applied by the Average Adjuster. For the 
guidance of the Adjuster the surveyor should, however, give 
his estimate of overall time, also time required in dry-dock 
for each damage repair as if each had been effected separately. 
Second concerns excess cost of overtime. 

In the absence of a policy covering loss of earnings, loss 
of time and the like, the underwriters’ concern is that the cost 
of repairs shall be reasonable and if an owner chooses to 
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expedite repairs by incurring extra costs such as bonus pay- 
ments to workmen, then he, the owner, is the person to benefit 
thereby for he gets his vessel back into service so much 
sooner. 

There may, however, be certain recurrent charges such as 
crew wages and victualling, dock rent, etc., etc., for which the 
underwriters may be wholly or in part liable, and therefore, 
if overtime is worked, these charges could be lessened to the 
advantage of the underwriters. 

Where overtime is worked it is required that the surveyor 
shall say so in his Report, placing on record the excess cost 
of same together with his estimate of the number of running 
days saved thereby. 

It is normal for a contractor to fix his establishment 
charges as a percentage of net labour and therefore if per- 
sonnel such as timekeepers, first aid attendants, etc., are paid 
on an hourly basis and work, say, 12 hours a day instead of 8, 
the contractor will receive more establishment charges for each 
additional hour worked by such personnel, but if on the other 
hand they are paid an upstanding salary the contractor incurs 
no additional depreciation by reason of their working over- 
time whereas plant depreciation, etc.. used by productive 
labour, would be greater if hours in excess of normal are 
worked. 


To Mr. SIGGERS 


Mr. Siggers enquires as to the origin of the telegraphic 
address of the Salvage Association, viz. “Wreckage”, but in 
this context the formal title of the Salvage Association has 
to be considered. It is “The Association for the Protection of 
Commercial Interests as Respects Wrecked and Damaged 
Property”. 

To modern ears, particularly those of young surveyors at 
the beginning of their career, this title may sound very 
Victorian and ponderous but it loses none of its effectiveness 
because of that and the Author can only suppose that 
“Wreckage” was culled from that title. 

Certainly the motto “Seek the Truth” flows quite smoothly 
out of such a title for when the truth is known, the “Com- 
mercial Interests” are then able to judge whether and to what 
extent they are liable in their undertakings. 

As regards obtaining the consent of an owner or his repre- 
sentative to attend survey, a word on the mechanism of 
damage surveys may not be amiss: when the owner of an 
insured vessel has reason to believe that his vessel has suffered 
damage which may result in a claim on his underwriters, he 
informs his insurance broker through whom the insurance 
was effected in the first instance and the broker advises the 
underwriters concerned of this event and the underwriters 
then, if they deem it necessary or desirable, instruct the 
Salvage Association. 

Where there is no staff office of the Salvage Association, 
the request for appointment of a surveyor is usually passed 
on to Lloyd’s Agents at the port where the vessel is lying and 
Lloyd’s Agents general instructions are to appoint Lloyd’s 
Register to attend whenever possible. 

Thus, when a surveyor presents himself at the vessel, he is 
in fact attending at the original request of the owner ; 
nevertheless, the Author would counsel all surveyors, when 
attending damage surveys, firstly to identify himself with the 
Master, or officer in charge of the vessel, and/or the owners’ 
representative as a duty as well as a courtesy, for he may 
well require to examine log-books, etc., during the course 
of his survey. 


As regards “Loss of Hire” and “Loss of Earnings” policies, 
these are usually effected by an owner to recoup such losses 
as he may suffer by immobilisation of his vessel whilst repair- 
ing damage due to insured perils and the surveyor is, there- 
fore, required to ascertain that the damage was, in fact, 
fortuitous. 

There is usually a clause in such a policy excluding an 
initial period from claim under the policy, in many cases a 
period of 14 days, and in protection of the insurers’ interest 
the surveyor should satisfy himself that the repair is being 
carried out expeditiously and without avoidable delay. 

An owner may elect to authorise overtime working or incur 
other ancillary costs and, without signifying approval of same, 
the surveyor should place same on record in his Report. 

Referring to damage repairs in general, an owner may 
choose to effect temporary repairs and defer permanent 
repairs to a later date; this may be a voluntary choice in 
order to save time and thus have his vessel trading again 
quickly or the situation may be forced on him by reason of 
inadequate facilities for effecting permanent repairs. 

As in all other matters concerning damage it is outside the 
province of the surveyor to commit the underwriter to liability 
but he should place the facts on record in his Report to 
enable a decision to be reached by those concerned in the 
policy. 

Mr. Siggers correctly states that log-books are not always 
a reliable guide to the cause of damage, but nevertheless they 
are amongst the documents proffered for scrutiny. Mistakes 
and inconsistencies are sometimes found and it could perhaps 
be quite serious if deliberate falsification had taken place 
and, in pursuit of the truth, the surveyor will usually observe 
where inaccuracies exist and by interrogation arrive at the 
facts of a case. 

In the case of machinery used in efforts to refloat, the main 
engines are called upon to do something other than that 
for which they were designed, namely, to attempt to move 
a fixed object instead of a floating object and in so doing 
may sustain injury, whereas independent auxiliaries are 
performing their normal duties of, say, feeding boilers or 
supplying forced draught, albeit at a greater rate. It is con- 
sidered fair to state that, in their normal duties those auxi- 
liaries are usually not giving maximum output and it is not 
to be expected that they would suffer when at maximum rated 
output. 

However, circumstances can alter cases and if the surveyor 
sees conditions in such machinery solely and properly attri- 
butable to their emergency use, then he should report on 
same. 

On the question of geared turbines much depends on what 
constitutes racing. There is, of course, fluctuation of speed 
according to the depth of immersion of the propeller, but 
what has to be considered is whether that pick up of speed— 
and what is perhaps even worse, the sudden diminution of 
speed on re-immersion of the propeller—is, or could be, of 
such a character as to be likely to inflict damage to the 
machinery. 

As with other types of propulsion machinery, considerable 
advance has been made in the design, selection of materials, 
mode of construction, etc., of reduction gearing and _ this 
seems to be reflected in the fact that the incidence of damage 
to gearing is very much less than it used to be even though 
heavy weather is an abiding problem. 

Mr. Siggers refers to tail shafts which also seem to be an 
abiding problem. It is not to be inferred that a new shaft 


made without any radius at the base of the keyway should 
be rejected out of hand, but there must be a realisation that 
such a shaft would be more vulnerable than one with radii. 
It is quite true that many of the latter type have given long 
service despite the varying stresses imposed in service, but it 
is equally true that other shafts of this type have failed in 
service, the failure being triggered off by the abrupt change 
of section which we as engineers have been taught to abhor, 
although it must be added that failures have arisen by exces- 
sive stresses which the shafts were unable to withstand. 

This is not to say that, a well designed and manufactured 
tail shaft should never fail for that would rule out all ques- 
tion of fortuity. A tail shaft carrying the overhung weight 
of a propeller and, therefore, subject to bending plus torque 
stresses and working in a wide variety of sea conditions must 
be regarded as vulnerable but what is essential is to see that 
failure is not initiated or aggravated by man-made imperfec- 
tions of which corrosion due to leaky sealing rings is a glaring 
example. 

The reason an Average Adjuster enquired whether a broken 
tail shaft, having corrosion, would have been condemned 
even if it had not broken, would seem to be that he was 
faced with a decision as to whether a new shaft had to be 
supplied because of a peril insured against or whether, on 
discovery of corrosion, not due to a peril insured against, 
the shaft was condemnable and, therefore, to be renewed at 
owners’ expense ; in other words had the owner really suffered 
a loss recoverable against his insurance. A decision regarding 
condemnation of the shaft would be primarily a matter of 
classification whose surveyor, viewing this built-in defect, 
would have to decide whether the shaft conformed to his 
Society’s Rules or could be modified to do so. 


To Mr. BLAKEMAN 

Mr. Blakeman also enquires re tail shafts, more particularly 
regarding metallurgical examination when the cause of break- 
age is in doubt. 

It would be normal just to request a metallurgist to make 
such examinations as would enable him to advise as to the 
probable cause of failure and these examinations would 
naturally include physical and chemical analysis and micro- 
scopic examination to determine such things as yield point, 
chemical composition and grain structure and such examina- 
tions are to be recommended particularly when by normal 
visual observation the surveyor can find no apparent reason 
for breakage. 


To Mr. PHILLIP 

Mr. Phillip is, of course, quite right in commenting that 
Lloyd’s Agent requests Lloyd’s Register of Shipping and not a 
particular officer of that Society to attend damage surveys 
and the attending surveyor must at all times have regard to 
the Society’s “Instructions to Surveyors” and the purpose of 
this present paper is not in any way to negate those Instruc- 
tions but rather to augment them. 

It is convenient here to mention that much of what has 
been written is already known to senior and experienced 
surveyors and it is the Author’s hope to light the way for the 
younger members of the profession and it cannot be over- 
emphasised that younger surveyors should confer with their 
seniors regarding damage surveys for it is in this manner that 
valuable experience is gained. 

I greatly appreciate Mr. Phillip’s comment about cases 
where steelwork is involved for it would be most helpful if 
advices could be sent to the Salvage Association in London 


stating the approximate quantity of steelwork requiring repair 
or renewal, either by weight if it is accessible, from measure- 
ment, together with the cost per pound or similar unit or if 
not accessible some approximation of the number of plates, 
frames, floors, stringers, etc., assists in forming some idea 
of the extent of the repair. 

In cases where a vessel puts into a place or port of refuge 
to effect repairs necessary for the safe continuation of the 
voyage, the surveyor should, wherever possible, state which 
of the damage repairs carried out are, in his opinion, of a 
permanent nature and which are to be considered as emer- 
gency or temporary. He should give as much detail as possible 
so that in due course those dealing with the matter can decide 
what, if anything, is recoverable or to be apportioned to G.A. 


To Mr. FRIZE 

Mr. Frize enquires about claims for complete renewal of 
damage and particularly by builders and owners of new con- 
structions. 

In the general sense, this involves what may be the reason- 
able cost of repair and what a prudent owner would do in a 
similar circumstance if he alone had to bear the cost of the 
repair. As has been stated, the vessel is the property of the 
owner and, in placing repairs in hand with a contractor, he 
becomes liable to that contractor for payment of the repair 
account and whether he can be reimbursed for the expense 
incurred would depend upon what is a reasonable cost of 
repairs. 

Thus, the surveyor can but report on the facts giving as 
his opinion where necessary that a modified form of repair 
would have been as effective and acceptable. 

In the case of new construction, however, the position 
becomes somewhat difficult if, for example, a builder has a 
contractual obligation to supply to an owner with a vessel 
to a certain specification and repair of accidental damage 
would result in deviation from that specification. 

The Author feels unable to offer any comment to cover the 
wide field of such cases, except to say that there should be a 
realistic approach as to the reasonable course of action 
supplemented by mutual goodwill and understanding between 
the parties concerned in the survey. 

The disposition of exclusive offices of the Salvage Associa- 
tion in North America—where, incidentally, there are staff 
offices on the West Coast and Mexican Gulf as well as the 
Eastern Seaboard, and also in the Great Lakes area—is due 
to the volume of seaborne traffic in those districts and for 
the same reason there are also exclusive offices in the larger 
U.K. and North European ports. 

It would be difficult to produce question and answer forms 
sufficiently comprehensive to cover all types of marine 
damage likely to be encountered and the present system of 
reporting has stood the test of time and proved effective. 


To Mr. VROUWES 

Mr. Vrouwes makes particular reference to steelwork which. 
in addition to being damaged, is also found to be wasted and 
considers the reporting of same to be dangerous ground for 
the surveyor. 

Whilst it is correct that vessels have a quadrennial survey 
and should be in a condition to withstand usual wear and 
tear until the next survey is held, it is equally true that 
deterioration of structure is a continuing process and that 
deterioration is not the fault of the survey but rather, and to 
a large extent, due to the omissions of those responsible for 
the preservation of the structure. If, for example, a vessel 


passed survey and then three and a half years later has a 
flooded hold simply because a shell plate became holed solely 
by corrosion then it is starkly evident that the cause of the 
casualty was corrosion and that would have to be stated. 

It is perhaps understandable that a Classification Surveyor, 
representing underwriters’ interests, may be diffident about 
reporting such matters and especially so if the Classification 
Society for the vessel is other than his own, but he could 
always advise the Salvage Association of such matters in a 
confidential letter; certainly if corrosion is present to the 
extent of affecting the strength and efficiency of the vessel, 
this condition should be made known. 


To Mr. SAUNDERS 

Mr. Saunders relates an interesting personal experience 
concerning extensive mishandling of boilers and ancillary 
plant concerning a defective de-aerator, leaking feed-water 
heater, broken float on heating coil in observation drain tank, 
all the ill effects on water tube boilers resulting from same. 

Unfortunately, an example like this is by no means unique 
and assessment as to the cause of such conditions calls for 
wisdom, impartiality, patience and sometimes persistence to 
ascertain the facts. 

It has already been stated that “negligence” can be difficult 
to define there being no set limits to origins or extent of 
same ; experience is the best guide in such matters and in this 
respect the surveyor, most probably having had seagoing 
experience, will be able to consider what he would have done 
in similar circumstances. 

By the very nature of things, a ship is often out of direct 
observation of an owner for long periods, but out of sight 
should not mean out of mind, and a prudent owner should 
be able to deduce from periodical reports from the vessel 
whether all was well, e.g. heavy fuel or water consumption, 
protracted passages due to hard steaming, etc., and to take 
timely remedial action in such cases. However, the owner has 
also to consider matters like charter commitments, the avail- 
ability of suitable repair facilities, etc., and so, in the often 
difficult task confronting him, the surveyor should seek to 
ascertain the facts of the case and place same on record, 
leaving the determination of liability to be judged in due 
course. 

Mr. Saunders’ second comment concerns the claiming of 
“set up” keel plates as being a consequence of grounding 
instead of what was demonstrably damage sustained in dry- 
dock due to an inherent weakness of the vessel. Similarly, 
with damage of this sort is, of course, the recurrent buckling 
of bottom shell plating encountered on Liberty vessels. 

It was quite noteworthy that this almost invariably was 
found on vessels which had no internal stiffening fitted to 
compensate for a weakness known to exist. 

If such a vessel had been aground, and especially if laden 
at the time, there could be a credible explanation for bottom 
indentation or set up, but otherwise it was open to conjecture 
whether the buckling was due to normal or abnormal working 
of the vessel in the sea and the surveyor has therefore to 
place on record his own impartial and expert opinion. 


To Mr. MANSON 
Mr. Manson, whose comments arouse much nostalgia in 
the Author after a very happy and helpful association in 
Japan, refers to the question of damage to double reduction 
gearing consequent upon heavy weather. ; : 
It would, of course, be perverse to maintain that main 
gearing could never in any circumstance sustain damage in 


heavy weather. What is important is to establish that there 
was no other intervening circumstance which could have been 
the approximate cause of the damage and it is certainly true 
that as knowledge of gearing has progressed, the rate of 
failure allegedly due to heavy weather has diminished 
although ships still encounter tempestuous weather. 

As gearing may to some extent be regarded as expendable, 
especially if adverse factors are present, it is recommended 
that the surveyor has regard to such things as wear pattern of 
teeth and bearings, alignment, mode and efficiency of lubrica- 
tion cleanliness of lubricant, etc., when considering whether 
gearing failed due to heavy weather. 

Mr. Manson’s second comment is of very great interest in 
that it touches upon a comparatively recent development, viz. 
automation, or what may in some cases be more accurately 
defined as remote control. 

Undoubtedly, very considerable research and development 
has been applied to these systems before installing them in 
vessels where much valuable machinery is at stake but never- 
theless it could be a fruitful source of argument whether 
sensory devices or remote control can be infallible to the 
extent of supplanting watchkeeping engineer officers and 
certainly the instance cited by Mr. Manson shows the neces- 
sity for personal observation of the automatic devices. 

Replying to Mr. Manson’s enquiry as to the attitude of the 
Salvage Association if overloading of an engine occurred 
where the engine was under remote control from the bridge 
with no engineer officers available, the Author, without wish- 
ing to evade the enquiry, really feels that these are very early 
days to define an attitude. It is possible that such an instance 
may some day be the subject of litigation and certainly it 
would call for serious consideration and so once again the 
advice would be to place all the facts on record and leave 
the matter for judgment at a higher level. 

The example of a nikalium propeller striking a boulder 
whilst running at full speed will undoubtedly be noted by all 
surveyors as evidence of the inherent strength of a tail shaft 
when it is free from a stress causer such as corrosion. 

As regards bottom damage and estimate of cost for same, 
the surveyor is quite often in a predicament trying on the 
one hand to survey all visible damage and assess its cost and 
at the same time to satisfy the urgency of Lloyd’s Agents 
who, with rare exceptions, are usually people of commercial 
rather than specialised technical training. It is, of course, 
important that underwriters shall know at the earliest pos- 
sible moment of the extent of their potential liabilities, but 
it is also important that the advices tendered to them shall be 
as accurate as possible. 

When it is apparent at the outset that there is extensive 
damage to a vessel, the surveyors’ first impression may be 
either a total number of plates with associated internal struc- 
ture affected or if the damage obliterates the number of plates 
by heavy crushing an indication of the total area should be 
given to Lloyd’s Agents together with the information that 
the amount involved is likely to exceed a certain amount. 
The Salvage Association in London with their vast experience 
and records will be quick to recognise the extent of such 
damage: it is quite possible that plans of the vessel could be 
accessible more readily in London than at the place of survey 
so if the zone of damage could be advised in relation, say, 
to tank ends or bulkheads, that is of much assistance also. 

Lloyd’s Agents are instructed to advise on the cause, nature 
and extent of damage, also what course of action is recom- 
mended and the amount involved as quickly as possible and 
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every effort should be made to help them in this respect but 
they should also be advised that as accuracy depends upon 
full appraisal and measurements, some time would be required. 
It is not possible to quote here how much time would be 
required but in the instance cited this may have occupied 
three full days. 

The practice of contractors in some districts of having two 
price lists, one for damage repairs and one for owners’ main- 
tenance repairs, is to be deplored and discouraged for it 
strikes at the probity of ship repairing as a whole. It will 
stand repetition that for the owner or his representative to 
place work in hand and ultimately to agree the cost of same 
and undertaking to pay that cost, the surveyors intervention 
in the matter being limited to approval of that which is 
considered to be fair and reasonable. It is quite conceivable 
that whether an owner will decide not to pursue a claim after 
repairs have been carried out or that upon scrutiny at or 
beyond average adjustment level, a claim may be for some 
reason rejected and so the test of “fair and reasonable” is 
that amount which a prudent owner would pay if he was 
uninsured and without right or expectation of reimbursement 
of the costs he had incurred and paid for a repair. 

It is surprising to learn that some Lloyd’s Agents receive 
periodic advices from contractors regarding the trends of 
cost and do not pass on the information to the surveyors who 
act for them, for such trends may be the yardstick by which 
costs may be assessed or at least be a guide to the assessment 
of costs and this disclosure will be brought to the attention of 
Principals concerned. 

As a final point, Mr. Manson and all other surveyors may 
be assured that their efforts in discussing and approving costs 
on a strictly fair and reasonable basis are, in fact, much 
appreciated in London even though there is no expression of 
appreciation, for it is realised there by those experienced in 
such matters the extent of discussion which may occur before 
final approval is given to an account. 

To Mr. HARRISON 

Mr. Harrison, writing from Greece, makes very interesting 
comment and enquiry both as to the propriety of claims and 
the costs attaching to same and these enquiries have in general 
been dealt with in the foregoing text from which it will be 
seen that the problems mentioned are by no means confined 
to Greece. 

As regards costs, it may be stated that if discussion of same 
results in an impasse with no hope of reconciliation of con- 
flicting views, it remains for the surveyor to advise that the 
cost submitted to him could not be approved because in his 
opinion it was excessive and he should state in his advices 
what would be, in his opinion, a fair and reasonable cost. 

Similarly, in the matter of tenders, it may be stated that if, 
by coincidence or collusion, the amounts tendered are seen 
to be excessive and inimical to any possible underwriting 
interest, the surveyor should advise Lloyd’s Agents of his 
views for transmission to London. 

Whilst it is no part of a surveyor’s duty, whether staff sur- 
veyor or acting surveyor, to interpret the terms and conditions 
of a marine insurance policy, it may, nevertheless, be men- 
tioned that a normal policy includes a clause giving under- 
writers the right of veto of any contractor or any port of 
repair and a cautious repairer would undoubtedly refrain 
from such conduct as would result in this right being exer- 
cised. 

Whilst there is some merit in the suggestion that a range 
of cost schedules for clearly definable and common types of 


damage repair be circularised, this system is also fraught with 
some danger in that it may result in up-grading rather than 
down-grading of costs and on balance the existing system of 
costing on a local basis would appear preferable. 

Mr. Harrison’s final point concerning failure of a bottom 
end bolt resulting in total wreckage of an engine is far from 
hypothetical and at the outset, distinction must be made 
between failure due to a manufacturing defect and failure due 
to a latent defect. This subject has already been mentioned 
in reply to a comment from Mr. Milton. It is not a problem 
which can easily be resolved, for a latent defect can only 
be identified when it ceases to be latent and becomes patent, 
but if after due observation and tests it is established that 
heavy consequential damage is solely attributable from a 
latent defect which was undiscoverable by normal diligence 
it is for the underwriter to consider to what extent he is liable. 


To Mr. BEAMAN 


Mr. Beaman, writing from Genoa, makes a number of 
interesting and relevant enquiries which have in part been 
dealt with in the foregoing and for the remainder it may be 
stated thus: 

The procedure of instituting a claim for damage has already 
been mentioned and if at survey an owner or his representa- 
tive privately arranges with a contractor to perform certain 
repairs which are to form part of a claim for damage an? 
refuses to disclose to the surveyor the amount discussed, the 
surveyor should promptly inform Lloyd’s Agent requesting 
that the Salvage Association be advised of this situation so 
that a remedy may be sought and applied. 

It would not be sound commercial practice in any walk 
of life for a person to say “I intend to incur certain costs 
which I shall request you to pay, but I do not intend to tell 
you the amount I shall incur”. 

The surveyor will, of course, advise the owner or his repre- 
sentative that he cannot offer comment or signify approval 
to a course of action unless he is fully informed about that 
course and it will remain for the owner or representative to 
justify his attitude if he can. 

It is not unusual for repairs to be commenced before the 
arrival of a surveyor representing underwriters’ interests and 
for damage to be revealed of an extent that would justify 
tendering. The surveyor has no authority to stop repairs but 
he should advise the owner or his representative promptly 
as to his views and recommendations about seeking tenders 
and it is then the owner’s responsibility to conform to the 
terms and conditions set forth in his insurance policy. 

Discussion of repair accounts, especially where large 
amounts are at stake, can sometimes be arduous and as men- 
tioned by Mr. Manson, the end product so frequently does 
not show the amount of negotiation which has taken place. 

In the first instance it is the duty of the owner or his repre- 
sentative to request the contractor to prepare accounts, but 
as this is a prelude to submitting those accounts for the com- 
ment and, if merited, the approval of the surveyor, both 
clerical effort and time would be saved if the drafting of a 
preamble of accounts was done jointly by the owner’s repre- 
sentative and the surveyor whereby items considered to be 
damage could be segregated. 

As stated, the discussion of accounts can sometimes be 
arduous to a conscientious surveyor; disharmony in the 
matter should not emanate from the surveyor and where 
differences arise the surveyor is entitled to and expected to 
maintain his viewpoint firmly with rectitude. The Author, in 


common with other surveyors, has indeed met with situations 
at repairers’ offices where his reception was not exactly cordial, 
but generally speaking the surveyor forms part of a local 
scene and becomes known and respected by local contractors, 
whereas it is the ship which is transitory and the building up 
of a harmonious understanding with contractors, founded on 
integrity of purpose, is to be encouraged. 

The Salvage Association, for administrative purposes, may 
sometimes request a breakdown of costs in an approved 
account and there seems to be no reason for a contractor to 
withhold information which has gone into the preparation of 
the account as a whole. 

The surveyor should refrain from giving sanction to the 
working of overtime; the decision about working overtime 
rests between the owner and the contractor. There may be 
occasions when the quality of work would suffer if inter- 
rupted, e.g. machining operations, welding, forging, etc., thus 
making the working of overtime a reasonable and prudent 
course, but as in general terms the working of overtime results 
in a saving of time it is for the surveyor simply to state the 
fact of overtime working with the excess costs attaching to 
same and an estimate of time saved. 

As regards estimates for deferred repairs which, on execu- 
tion, deviated from those originally contemplated, it is an 
underwriting matter as to how much cost an owner may 
recover and thus lies outside the province of surveyors. 

In connection with the examination of log-books for heavy 
weather, it was felt that surveyors should have some guidance 
and a wind force of 7 or over was quoted because such 
conditions may be regarded as in excess of normal. This 
guidance was given as “rule of thumb” rather than an invio- 
lable ruling in the matter which in any case would come 
under scrutiny at Average Adjustment. 

The Author cannot give an official ruling as to what length 
of time constitutes a grounding when a vessel ceases to be 
waterborne and for Report purposes it will suffice to place 
on record when a vessel took the ground and when she was 
again waterborne. 

Mr. Beaman remarks that there are differences between 
the way Lloyd’s Register and Salvage Association surveyors 
prepare their reports. There is no particular requirement 
about this although, in general, Salvage Association staff sur- 
veyors use a “narrative” form in preference to “Found” and 
“Recommended” columns, on the grounds that a narrative 
form scans more easily than two columns. Whichever system 
is used, the essential point is that the report should be a lucid 
record of the surveyor’s findings and views providing for 
average adjusters and underwriters clear and factual informa- 
tion for their guidance. 

Summarising the foregoing, written at greater length than 
anticipated, the Author nevertheless feels a sense of inade- 
quacy. There have been repetitions in the text, 
deliberate because of their importance. 

This has not been a technical paper setting forth data and 
calculations ; it concerns human activities in a very wide yet 
specialised field, a field so wide that no set of rules or even 
guidance can be offered to cope with every situation likely 
to be encountered. 

Most of what has been written is already well known to 
the Society’s older and more experienced surveyors and the 
substance of this paper is to afford some basic guidance for 
younger surveyors to some of whom marine underwriting 
means a rather vague and remote business and a_ brief 
explanatory comment may be timely. Marine underwriting in 


some 


the U.K. is normally conducted by underwriters at Lloyd’s 
and/or Insurance Companies. 

Its operations are on a global scale and occupy an illustri- 
ous position not only within the shipping industry but also 
as representing an important part of the British way of life 
and, by the very nature of its global operations, contributes 
substantially to the economy of our country. 

Thus, the responsibility for maintenance of underwriters’ 
high reputation rests upon everyone called upon to serve their 
interests and can be a source of pride to them at being joined 
in some measure with the ancient spirit of adventure and 
reputation for integrity which is the backbone of marine 
underwriting. 

Since preparing and presenting this paper, the Author has 
retired from service with the Salvage Association. During that 
service his duties have taken him far and wide and he has 
been privileged to meet and collaborate with many of the 
Society’s surveyors both in the U.K. and abroad and through 
the medium of Lloyd’s Register Staff Association the oppor- 
tunity is now taken to express most sincere thanks for the 
courtesies and assistance so generously given by all the 
Society’s surveyors and, at the threshold of a new era of 
almost limitless possibility in technical progress, to wish them 
great success in all their undertakings. 


SPECIFICATION AND CONDITIONS OF TENDER 
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CONDITIONS OF TENDER 


All workmanship and materials to be of first 
class quality, suitable for the purpose intended, 
and all to be done to the satisfaction of the 
Owners’ Representative, Underwriters and 
Classification Surveyors. 

It is to be further understood by the Contractors 
that all materials requiring a test shall be tested 
in accordance with the rules of the Classification 
and must meet their requirements and all charges 
and costs for tests, inspections, etc., must be 
borne by the Contractors. 

The vessel will be delivered to the Contractor 
at the Contractor’s premises or at his option at 
the nearest convenient place to said premises 
and all towages, pilotages, boat hire, riggers for 
moving the ship, dry- and wet-dock dues and 
charges, and all other charges, which it may be 
necessary to incur (from date of delivery) in 
order to move the vessel and carry out and 
complete the whole of the repairs, must be 
borne by the Contractor and be included in the 
tendered price. 

Blocks, caps, shores and the removal and replac- 
ing of any beds or shores, and any of all such 
work as may be found necessary to keep the 
vessel in position and form while the repairs 
are being carried out until completed, and any 
timber, etc., used in the carrying out of the 
work as part of the Contractor’s plant to be 
included in the price quoted. Should the Con- 
tractor require the removal of any parts of th- 
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Second: 


Third: 
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Fourth: 


Fifth: 


Sixth: 


Seventh: 


Eighth: 


Ninth: 


Tenth: 


Eleventh: 


Twelfth: 


vessel or her fittings or her engines, boilers, 
and/or their fittings or of any coals, oils, stores, 
outfit, etc., the same is to be done by him and 
all such removals must be subsequently replaced, 
and any damage resulting therefrom is to be 
made good by the Contractor and at his expense 
and should the Contractor require the removal 
of any ashes, dirt, etc., he shall remove same 
from the vessel at his expense. 

The vessel will be kept insured by the Owners 
during the currency of the Contract, but this 
provision is not intended and is not to be con- 
strued to release the Contractor from any liabi- 
lity which the Law may impose upon him. 

All gear, fire, light, tools, stages, ladders, blocks, 
tackles, ropes, wires, chains, etc., and all 
material and gear necessary for the carrying 
out of the work to be supplied by the Contrac- 
tors, who are to have full responsibility of all 
such gear. 

The vessel is at present lying 

where tenderers are invited to inspect her, for 
which every reasonable facility will be given. 
The tender must cover and include the work 
herein specified and all removals necessary in 
connection therewith, the removals must be 
replaced as before, but any renewals not detailed 
in the specification will be treated as extras, 
excepting renewals of previously sound parts, 
which have been clearly broken or damaged by 
the Contractor’s workmen. 

Any additional work required, to the hull or 
machinery, beyond that specified herein, or any 
other extra work whatever to be carried out by 
the Contractor, must be especially ordered in 
writing or agreed to by a duly authorised person, 
on the Schedule Rates given or at prices to be 
mutually agreed, and no extension of time will 
be allowed unless it is mutuallly agreed that the 
work cannot be concurrently carried out with 
the other work. 

The Contractor shall not be liable for any delay 
in delivery, caused by strikes or lock-outs or 
any other causes whatever, beyond his control. 
The tender to be presented in a lump sum and 
the time required for the execution of the 
repairs specified and redelivery to be stated on 
basis of continuous running days, and in the 
event of the time being exceeded, save as pro- 
vided in Clauses 8 and 9 the sum of 

per day will be deducted from the amount of 
the tendered price as an agreed sum by way of 
liquidated damages for such extra time, but in 
the event of the work being completed in less 
than the stated time the sum of 

per day will be paid as premium or bonus on 
the contract price by the Owners to the Con- 
tractor. 

Payment to account of the total cost of the 
work will, if desired, be made to the Contractor 
during the progress of the work, and the balance 
will, if demanded, be paid immediately on com- 
pletion of the work. 

Any charges for tugs, pilotage, cranage, railway 
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Nineteenth: 


Twentieth: 


Twentyfirst : 


carriage and such like items, or any other cash 
disbursements made by the Contractor at the 
request of the Owner or Underwriter, excepting 
those covered by the tender in accordance with 
Clause 2, shall be reimbursed to the Contractor 
with an allowance of 5 per cent when vouchers 
are produced. 
All old material dealt with in the repairs to 
become the Contractor’s property, with the 
exception of any heavy machinery parts. 
All the work must be carried out in its entirety, 
as specified, and no deviation whatever will be 
allowed, unless mutually agreed. 
In the event of some of the details now specified 
not being required, an allowance to be made by 
the Contractor, on Schedule Rates given or 
mutually agreed prices as provision is made in 
the specification for payment of extra work that 
may be required (see Clause 8). 
On completion of the repairs the vessel to be 
delivered, free of cost, to the Owners afloat at 
port where the repairs are effected. 
Compasses to be adjusted on completion of 
repairs, and correct deviation cards to be handed 
to the Captain. 
Any dispute, which may arise to the interpreta- 
tion of this specification, is to be referred to an 
Arbitrator, mutually agreed upon. 
Wherever it is necessary to renew any of the 
plates, angles, or other materials, same must be 
renewed to original lengths, sizes and scantlings, 
where sizes or quantities are mentioned in this 
specification, same are approximate only, and 
the Contractor must ascertain or verify all sizes 
and quantities. 
The lowest or any tender will not necessarily be 
accepted. 
Tenders will require to be handed in not later 
than addressed to: 
and to be drawn up 
in the following form: 
“We hereby agree to faithfully carry out and 
complete all the repairs, renewals and replace- 
ments to the 
as set forth in the specification, under date of 
and to abide by all 
the conditions expressed or implied therein, for 
the sum of and complete same in 
continuous running days.” 


Note: 


SCHEDULE RATES: 


Repairers tendering for the work specified, must 
thoroughly satisfy themselves as to the General 
Conditions before submitting their tender, and to 
cover for any removals, etc., in way of effecting 
repairs to floors. 


RENEW. Orr & REFIT. 


Shell plates above 12 cwt. (including rivets). 
Shell plates below 12 cwt. (including rivets). 
Deck plates above 12 cwt. (including rivets). 
Deck plates below 12 cwt. (including rivets). 
Main frames, including bosom pieces, ete. 
Reverse frames, including bosom pieces, etc. 
Bulkhead frames, including bosom pieces, ete. 
Floors in fore peak. 

Floors in double bottom tanks. 

Intercostals in double bottom tanks. 

Frame and angle connections in double bottom tanks. 
Tank top plating. 

Portland cement cut out and renew. 

Cement chocks cut out and renew—per space. 
Remetal main bearing brasses (per half brass). 
Remetal bottom end brasses (per half). 
Remetal thrust shoes (per shoe). 

Remetal guide shoes (per shoe). 

Price per boiler tube (plain). 

Price per boiler tube (stay). 

Price for condenser tubes—per tube. 


RIVETING: 


(a) 


Odd rivets in way of holds—per hundred. 


(b) Ditto—in way of E & B space, bunkers, ete.—per 
hundred. 

(c) Internal rivets throughout ship, ete—per hundred. 

(d) Stem, stern, keel and rudder rivets—per rivet. 

(e) Caulking rivets—per rivet. 

(f) Shell, deck, tank, etc., chipping and caulking—per run- 


ning foot. 
Ditto—caulking only. 


Woop Work: 


Price per square foot—to lift and relay ceiling. 

Ceiling white pine or spruce 11 and 24 per running foot—to 
renew. 

Sparring 6 x 2 per running foot—to renew. 

Wood hatch covers—to renew. 

With hand lifts—2+ in. per hatch. 

With hand lifts—3 in. per hatch. 


Caulking wood deck and pay marine glue 


per hundred run- 


ning feet. 
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GLASS—A SHORT ACCOUNT OF THE DEVELOPMENT OF ITS 


MANUFACTURE AND SOME OF ITS PROPERTIES 


by J. H. Ingleby 


EARLY HISTORY 

one of the oldest man-made materials and its 
origin is not known with certainty. The discovery was 
probably accidental and the eminence of Syria in the glass- 
making world entitles them at least to the credit for appre- 
ciating and exploiting its possibilities. All the evidence of 
glass making proper indicates Syria as the birthplace of the 
industry and it was introduced from there into Egypt about 
1500 B.c. Glass at this time did not necessarily mean trans- 
parency; such glass was a rare exception. It was usually 
coloured and opaque and therefore exploited in a different 
way. The early glassmakers of Egypt gave a major part of 
their attention to the production of glass beads imitating 
precious stones. One result of this was the development of a 
very effective colour technology and colours ranged from 
black through dark blue, bright violet, greens, yellow to seal- 
ing wax red. Pressed and moulded glass articles began to be 
made about 1200 B.c. wholly for decorative purposes. About 
300 B.c. glass blowing was discovered which was a remark- 
ably ingenious achievement considering the high temperature 
required to get the glass into a sufficiently liquid form. Large 
flat dishes were produced on a principle which led to crown 
glass, which will be described later. 


Glass is 


When Egypt became a province of the Roman Empire, the 
introduction of Egyptian workmen and the settlement of enter- 
prising Syrians led to the establishment of glass manufacture 
in Rome itself. The Romans achieved a degree of proficiency 
and width of application which have only recently been equalled 
and surpassed. Glass was used for a great variety of purposes 
from thin plates for walls to drain pipes. Roman window glass 
of about 400 A.D. was probably made by a primitive process 
of casting. The molten glass was poured on to a plate and 
then drawn with pincers; the biggest plate known was about 
44 in. 32 in. A typical composition was silica 69 per cent, 
soda 17 per cent, lime and magnesium II per cent, alumina, 
iron oxide and manganese oxide 3 per cent which varies little 
from what is used to-day for commercial window glass. The 
chief contribution of the Romans to glass making, apart from 
their direct achievement and extent of its application, was in 
civilising Western Europe and so distributing the craft and 
increasing the demand for it. A particularly strong centre of 
production developed in the Seine Rhine area. Here, from an 
early date, there was a major architectural orientation in the 
trade and a large and increasing ecclesiastical demand led to 
a considerable window glass industry. Specialisation in 
window glass developed two methods of producing a sheet 
of glass—the crown method and the cylinder method. 


FIG. 


A disc of crown glass. 


Crown glass appears chiefly to have been made in 
Normandy. Here a suitable amount of glass was gathered on 
the blow iron which was then blown and shaped into a globe. 
The globe was then attached to the punty, the blow iron 
removed, the glass reheated and then spun with sufficient 
velocity to enlarge the hole left by the removal of the pipe 
and convert it into a disc of uniform thickness except where 
the punty was attached to form the bullseye. 

In the cylinder method a ball of glass was gathered on the 
end of the blow iron and blown into a sphere; by swinging 
to and fro this was elongated into a cylinder with a domed 
end. This end was cut open, widened to the maximum 
diameter of the cylinder and the punty—an iron rod with a 
wooden disc attached—inserted so that the cylinder was 
supported at both ends. The blow iron was then removed 
and this end opened out to the full diameter. The cylinder 
was then partially cut by shears, and the punty withdrawn. 
Finally, the cylinder was reheated, cut down its length by the 
shears and flattened out in the furnace by a wooden block on 
the end of an iron rod. This product was known as broad or 
Lorraine glass and later as German sheet. 

Crown was usually superior to broad being much thinner, 
more uniform in thickness and more brilliant in quality; the 
surface was, however, slightly curved and disfigured by the 
bullion. 

The other great French contribution to glass making was 
the invention of the manufacture of plate glass by casting. 
There was a large demand in the middle of the 17th Century 
for large sheets of clear glass for mirrors as well as for the 
coaches of the nobility. The cylinder process restricted the 
size to a maximum of about 50 in. x 30 in. and except in 
more moderate sizes the glass was seldom flat. The casting 
process consisted of pouring molten glass on to a table and 
confining it between iron perimeter pieces of the size required. 
It was quickly reduced to an even thickness by a roller travel- 
ling on the iron side pieces. The table and glass were then 
transferred to a furnace, covered with sand, and allowed to 
cool gradually. The glass was then ground and polished. It 
was first laid flat on a stone table and secured with plaster ; 
on top, framed in wood, was a smaller piece of glass with a 
wheel fixed horizontally to the frame. Two workmen standing 
opposite to one another pulled the wheel backwards and for- 
wards, turning it frequently to change the lie of the top glass. 
Water and coarse sand were used as an abrasive medium; as 
the work progressed fine sand was used and the polishing 
done by a felt covered roller with emery to produce the final 
polish. 


MANUFACTURE IN ENGLAND 


Knowledge of glass making in England prior to the 
Elizabethan age was very slight. In Roman Britain there was 
very little manufacture, the majority of the glass used being 
imported in large lumps and then remelted and refinished 
into whatever was required. Such glass making as there was 
did not survive the Roman withdrawal. From about 1200 a.p. 
for 400 years the centre of glass making was in Chiddingfold 
which began by the settling there of a number of French glass 
makers. In the 16th Century more French glass experts from 
Lorraine settled in England which was the beginning of 
improvements in manufacture and cheapening of the glass. 
The great bulk of glass made up to the middle of the 19th 
Century was crown. At this time improvements were made in 
the cylinder process by blowing the cylinder larger, allowing 


it to become cold before splitting, splitting it cleanly with a 
diamond instead of the shears, reheating in a special kiln, and 
flattening on a smooth bed of glass instead of an iron plate. 
This development took place at Chances in Birmingham and 
they were able to supply a million square feet of this glass for 
the original Crystal Palace. 

By 1900 there had been little basic change in techniques, 
tools or furnaces in 600 years. Glass manufacture was still 
both an art and a craft dealing with a material imperfectly 
understood and controlled. Melting was carried out in fire- 
clay pots—some large enough to hold several tons of molten 
glass or metal. The raw materials were fed into the pot. First 
a proportion of broken glass—called cullet—of the same com- 
position of the glass to be made and the mixed raw materials. 
Two fillings were necessary, the second being added when the 
first had melted and sunk down. The melting process took 
about 17 hours, during which the molten glass was raised to a 
temperature of 1500° C. at which it is quite watery. This is 
known as “fining” where the gases formed during melting are 
allowed to escape. The glass is then cooled down to a tem- 
perature suitable for working and formed by one of the 
processes described. This method of melting is now only used 
for special glasses. 

The 20th Century has seen the birth of two revolutions 
which were concurrent and inter-related. The first of these 
has been the rapid and complete mechanisation of almost all 
phases of glass manufacture which has resulted in great im- 
provement in quality and substantial reduction in selling 
prices. The second has been equally important and concerns 
the rapidly growing knowledge of the physics and chemistry 
of glass. Glass technologists can develop compositions and 
techniques to suit specific applications of the most varied 
nature. 


BASIC TYPES OF GLASS 


At this stage it is appropriate to say a little about glass as 
a material. It can claim to be unique, possessing at one and 
the same time four properties—transparency, chemical inert- 
ness, a hardness greater than mild steel and the ability to take 
a high polish. No other materials present these features simul- 
taneously. Glass is a brittle material ; it is completely elastic, 
having no yield, and obeys Hooke’s law up to its failure point. 
Its mechanical properties can be very significantly altered by 
heat treatment known as toughening which is dealt with sub- 
sequently. 

Fundamentally the finished glasses consist of a complex 
mixture of sodium, calcium and magnesium silicates. Sodium 
silicate—waterglass is one form—is soluble in water. When, 
however, the requisite quantities of calcium and magnesium 
are added these stabilise the product and make it insoluble. 
Glass can be described as a supercooled liquid or as a solid 
solution but it is most important to note that glass under 
normal conditions is completely free from any crystalline 
structure. If indeed crystallisation does occur this is known as 
devitrification and is an indication of unsatisfactory glass. It 
is because of the non-crystalline structure that glass exhibits 
no fatigue in repeated bending and since it obeys Hooke’s law 
it gives no warning of failure, having no yield as with crystal- 
line metals. 

Chemical composition controls and enables one to produce 
glasses of widely differing properties. In soda lime glasses a 
high soda content tends to produce a high expansion glass. A 
high silica content tends to produce a low expansion glass. 


It, however, in order to produce a low expansion glass with 
consequent high resistance to thermal shock the proportion 
of silica is kept high and that of alkali low, the glass becomes 
very difficult to melt, requiring high temperature. A way to 
overcome this is to change the stabilising elements and one 
frequently used for this purpose is boron. A glass containing 
a significant amount of boron—4 to 5 per cent—is known as 
a boro-silicate glass as opposed to a soda lime glass. Using 
boro-silicate compositions a coefficient of linear expansion 
down to 30 10 per °C. can be achieved against a com- 
parable figure of about twice this for soda lime glass. 
Another feature of boro-silicate glass is that whereas a soda 
lime glass, even when toughened, cannot be subjected to 
temperatures in 300° C. without detoughening, 
boro-silicate glass can be subjected to a higher temperature 
without inducing permanent unbalanced having a 
relaxation temperature in the neighbourhood of 360° C. to 
380° C. Recently alumino-silicate glasses have been developed 
with an even higher relaxation temperature. Such glasses are 
difficult to melt, requiring high temperatures and so far no 
mass production quantities have been produced. Glass makers 
have produced thousands of different compositions of glass, 
each with particular properties designed to meet the many 
applications which call for special mechanical, optical, elec- 
trical, thermal or chemical properties. 
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MODERN MELTING AND FORMING 


The modern method of melting is in a tank furnace and is 
fundamentally the same whatever method is used subse- 
quently to form the glass. The tank holds up to 1,200 tons of 
molten glass in an enclosed bath about 30 ft. wide, 120 ft. 
long and 4 ft. deep. These furnaces are continuous in that the 
raw batch is fed in at one end as molten glass is drawn from 
the other. Firing is by gas or oil from ports along each side, 
first from one side then from the other, the reversal taking 


place every 20 or 30 minutes. The glass receives its heat 
almost entirely through its surface by radiation from the 
flames. The tanks are regenerative; the spent gases enter a 
regenerative chamber which is a brick honey-comb and 
absorbs the residual heat. When the cycle is reversed the 
combustion air passes through this hot brickwork and so is 
preheated. This increases the flame temperature and the effi- 
ciency of the furnace. There are considered to be three zones 
in a tank, the melting, fining and working zones. In the melt- 
ing zone the lumps of batch melt in a foaming mass of 
bubbling glass. The temperatures are the highest at about 
1500° C. The fining zone is where the glass is quiescent and 
any small bubbles within the glass can rise to the surface and 
burst. No heat is introduced at this stage and the temperature 
of the glass falls steadily and progressively as it moves 
towards the working zone where it is at about 1000° C. It is 
essential that the glass coming from the tank is absolutely 
homogeneous in composition, and the scientific control of the 
basic ingredients with which the tank is fed and the tempera- 
ture distribution throughout are vitally important. 

After melting there are five basic methods of shaping the 
molten glass into the article or sheet required. These are 
Blowing, Drawing, Pressing, Rolling and finally the recently 
developed Float process. The operations involved in all five 
of these forming methods depend upon the peculiar charac- 
teristics of glass as a material. First, the glass cannot be 
formed at all unless it is extremely hot—not just slightly 
warm, but red hot to white hot—at temperatures ranging 
usually from 800° C. to 1300° C. depending on method and 
composition. Secondly, this very hot syrupy liquid must 
somehow be transferred from the tank into the air or a mould 
so that further work can be done on it. This is no simple 
task in itself and it is further complicated by the third factor: 
at these temperatures glass cools rapidly by radiation and by 
contact with cooler air or metal. Very quickly this cooling 
has so increased the viscosity that the glass has become, to 
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Melting. 


all intents and purposes, a solid. No matter how complex the 
shape, all primary forming operations must be completed in 
this short and critical period of time. 


BLOWING 


This is where the molten glass is gathered on a blow pipe 
and moulded by blocking, spinning, swinging and blowing 
to the desired shape. This has previously been mentioned in 
describing the old crown and cylinder process of sheet pro- 
duction. Now the blowing process is almost wholly confined 
to the container trade. The Americans have developed a 
remarkable and approaching fantastic machine for the manu- 
facture of electric light bulbs. The molten glass flows con- 
tinuously from a tank through a pair of rollers, one smooth, 
one with spaced depressions. The glass stream thus becomes 
a ribbon with biscuits of thicker glass at about 6 in. intervals. 
The biscuits sag through a hole as air heads come down from 
above and wet paste moulds come up from below to surround 
the narrow pear-shaped bubbles of glass. Puffs of air expand 
the glass, which ride on a smooth steam cushion as the 
moulds rotate. The motion is continuous without interruption. 
At the right moment the moulds separate and pull away 
leaving a chain of finished bulbs moving so rapidly that the 
eye cannot distinguish an individual bulb. A small hammer 
cracks the bulb from the ribbon and a conveyor system takes 
them to the lehr. This machine produces bulbs up to 1500 per 
minute or 2 million per day. 


DRAWING 


As an improvement in the blown cylinder process, the 
Americans invented a method by which the cylinders were 


drawn and blown mechanically. A drawing pipe was lowered 
into the molten glass in a pot; the glass solidified on the 
inside edge of the rim. The pipe was then drawn up, air being 
blown down the pipe and the glass blown out to the diameter 
required for the cylinder which was about 30 in. All this was 
automatically controlled to provide regular diameter and 
thickness. The cylinder, drawn to a height of 40 ft. was then 
detached from the pot and cut up into short lengths. These 
were split longitudinally and flattened as before. 

Efforts were made over many years to draw a flat sheet of 
glass direct and so avoid the double process of blowing and 
flattening. The problem involved in doing this is the main- 
tenance of its width, as it always wants to diminish because 
of the effect of surface tension. The first process to overcome 
the difficulty was developed in Belgium by Fourcault. The 
method was to draw the sheet of glass from a slot in a fire- 
clay float known as the débiteuse which floated on the surface 
of the glass in a special drawing chamber at the end of the 
tank furnace. The edges of the débiteuse were raised above the 
slot so that it was possible to depress the débiteuse and bring 
the level of the slot below the level of the surface of the glass. 
Hydrostatic pressure forced the molten glass up through the 
slot and thus a constant stream of glass flowed through it so 
long as the slot remained below the glass level. The stream 
of glass was drawn away in the form of a sheet by means of 
rollers situated above the débiteuse. As it was drawn up it 
passed through an annealing tower and cut to the required 
size at the top. A number of machines were operated on each 
tank furnace. 

At the same time as the Fourcault process was patented, 
the Americans also patented a similar method which differed 
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Splitting the cylinder 


in two essentials. The first was that no débiteuse was used ; 
a metal bait was first dipped into the glass and the width of 
the sheet maintained by pairs of small rollers which gripped 
the edges of the The second difference was that 
although the drawn vertically from the bath, as 


soon as it was set It was re-heated and bent to the horizontal 


sheet 
sheet was 
over a roller where it passed into the annealing lehr 

A further American development of the drawing process 
avoids the inherent defects of both the previous one and the 
Fourcault. The sheet is drawn directly from the glass and 
then continues vertically through the annealing tower to be 
cut at the top. There is, therefore, no spoiling of the glass by 
the bending roller or the debiteuse. In this method the glass 
retains its original vitreous surface quite unspoilt as it does 
not come into contact with any solid body until quite rigid. 
This is the method used by the majority of the world’s glass 
makers in the production of sheet glass to-day. 


PRESSING 


As the name implies it is a straightforward process by 
which the molten glass is poured into a mould and pressed 
into the required shape by a plunger. Examples of articles 
made in this way are industrial light fittings, pavement lenses, 
glass blocks and high voltage insulators. 


ROLLING 


After the first World War, the Bicheroux process was 
developed for the manufacture of plate glass. This was the 
first improvement on the casting method previously described 
which had persisted almost unaltered from the 17th Century. 
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In the Bicheroux process the glass was still melted in pots 
but the content of one pot was poured via a plate on to 
rollers which formed the sheet. As it issued from the rollers it 
moved forward on two travelling tables to be cut into large 
sheets, from where it was conveyed to the lehr for annealing. 
A much smoother sheet was obtained and consequently there 
was less time and material needed in the subsequent grinding 
and polishing operations. The grinding and polishing was 
done on circular rotating tables 30 ft. to 40 ft. diameter on 
which the glass was first embedded piece by piece in plaster of 
Paris. The tables were then moved under two grinding heads ; 
both table and grinding heads revolved and the rough surface 
removed by diminishing grades of sand in water. The glass 
was then polished with rouge and water under felt polishing 
heads. The process was repeated for the other side. 

In 1923 the first of a series of revolutionary changes was 
introduced whereby the processes of melting, rolling and 
annealing were combined into one—the Continuous Flow 
Process. From the tank furnace the glass was despatched in 
the form of a stream between two water cooled rollers of 
special steel. The rate at which the ribbon moved was very 
carefully controlled. From the casting rollers the glass entered 
a long annealing tunnel through which the temperature fell 
gradually under exact control until the glass emerged at the 
far end sufficiently cool for handling. At this stage it had a 
rough cast finish due to the rollers. It was cut off into suitable 
lengths and removed to be ground and polished. These two 
stages were also combined into one in the continuous grinding 
and polishing method. The plates of rough cast glass were 
laid on a series of tables which butted together and travelled 
in a continuous line nearly 700 ft. long underneath a series 
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Removing the sheet after cutting. 


of grinders and polishers. The tables were slidingly supported 
on guides and coupled so accurately that they gave a con- 
tinuous bed on which the glass could be laid, regardless 
of the joints between the tables. The tables were carried under 
the cast iron grinding heads in a steadily moving line. Coarse 
sand and water were fed to the first grinders and then finer 
and finer sand-until when the glass left the last of the grinders 
it had been ground flat and smooth. After examination it was 
passed underneath the polishers where it was polished by 
means of rouge and water fed to rotating felt pads as in the 
old process. At the end of the machine the glass was lifted 
and returned to the beginning where it started its journey all 
over again for the grinding and polishing of the other side. 

Further development took place whereby all the stages 
were combined in one unbroken The melting, 
forming and annealing processes were the same as previously 
described. From that stage glass moved forward in a continu- 
ous ribbon and passed between twin sets of grinding heads and 
thereafter still in a continuous ribbon between twin sets of 
polishers which respectively ground and polished the upper 
and lower surfaces of the glass simultaneously. This British 
process is being operated by most of the foreign manufac- 
turers under licence. 


sequence. 


FLOAT 


The grinding and polishing process produces glass with flat 
and parallel surfaces providing clear and undistorted vision. 
It is, however, wasteful and costly because something between 
10 and 20 per cent of the ribbon as rolled, has to be ground 
off and a very high is to drive the 


load needed 


power 


mechanical grinders and polishers. For a long time it has been 
the glassmaker’s dream to produce a ribbon of glass perfectly 
flat and parallel, free from distortion, direct from the molten 
glass. This the Float In the Float 
process a continuous ribbon of glass moves out of the melting 
furnace and floats along the surface of the bath of molten 
metal. This ribbon is held at a high enough temperature for 
a long enough time for the irregularities to flow out and the 
surfaces become flat and parallel. Because the surface of the 
molten metal is flat, the glass also becomes flat. The ribbon 
is then cooled down while still moving forward on the molten 
metal until the surfaces are hard enough for it to be taken 
out of the bath and passed into the lehr without the lehr 
rollers spoiling the bottom surface. Thus glass is produced 
with uniform thickness and bright fire polished surfaces with- 
out any need for grinding and polishing. Float glass has all 
the characteristics of Polished Plate glass with the additional 
feature that it has a very bright natural fire finish surface and 
has been recognised throughout the glass trade as completely 
interchangeable with Polished Plate glass. 


process has achieved. 


TOUGHENED GLASS 


There is one form of Clear Plate glass which is of particu- 
lar interest: this is the toughened variety. By suitable heat 
treatment it is possible to increase the mechanical strength of 
glass by about four or five times. This means in effect that 
for equal strength a glass of half the thickness can be used 
with a consequent saving in weight. Alternatively, larger 
windows can be used without increasing hazards and still 
without increased thickness. It also endows the glass with 
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Glass being placed under the polisher. 
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Twin grinding and polishing machine. 


Fic. 7 


The float bath 


much greater ability to resist thermal stress. In order to 
understand this phenomenon it is necessary to consider for a 
moment the physical properties of glass. Glass is relatively 
weak in tension and almost invariably fractures due to the 
limiting tensile stress being exceeded at some point on the 
surface. To prevent fracture one of two things must be 
achieved—either the degree of stress induced by the thermal 
conditions must be reduced; this can be done by using a 
glass of composition which gives a low linear expansion; or 
the ability of glass to withstand the stress must be increased, 
this can be achieved if we can deliberately create stable and 
balanced compressive stress in the surface. How can this be 
done? The laboratory trick of Rupert’s Drops gives us a clue. 
When drops of molten glass are allowed to fall into water 
and cool the resulting pear-shaped pieces of glass are highly 
resistant to impact. If, however, the tail is nipped off, the 
Drop at once shatters into powder which can be handled 
without risk of injury. The glass has been “toughened”. 

If this principle of rapid cooling can be adapted to Plate 
glass, then a glass of greatly increased strength will be pro- 
duced. It is, of course, obvious that if annealed Plate glass 
is heated to the molten state it no longer remains Plate glass, 
but by suitably adjusted heating to bring it just to the plastic 
state and then rapidly cooling, a controlled degree of 
balanced strain can be introduced. The cooling is effected 
with cold air blast; cold water would be too severe: under 
the action of the air the exterior zones contract and solidify 
while the centre is still relatively hot and plastic. Gradually, 
however, the centre as it cools also tries to contract, but this 
is resisted by the now rigid exterior zones. This action sets 
up compressive stresses in the surfaces and holds the centre 
in tension. It is because the centre is held in tension that 
toughened glass cannot be cut or worked when once subjected 
to the heat treatment. If the product is to be a stable one it 
is essential that the process be controlled so as to produce 
even and overall cooling, otherwise the glass is liable to be 
unstable and may break. 

Examination of a fully toughened piece of Clear Plate glass 
under polarised light displays a characteristic strain pattern 


which enables a close check to be kept on the process and 
ensure that the glass has been properly toughened. Annealed 
Clear Plate glass shows no such pattern. 


The following simple examples illustrate the enhanced 
performance which the toughened glass gives when compared 
with similar untoughened glass. 


A piece of toughened Clear Plate glass 4 in. thick and 
measuring 45 in. long by 10 in. wide supported only at the 
two ends on wooden blocks will carry a load of 24 cwt.; an 
exactly similar piece of annealed Clear Plate glass will frac- 
ture under a load of about 70 lb. 


It is sometimes said that toughened glass is unbreakable. 
This is not so. It is, however, highly resistant to sudden blows 
and rapid temperature changes. If a piece of } in. thick 
toughened glass 14 in. by 10 in. is simply supported at the 
two ends and a 2} in. diameter steel ball weighing 1°68 Ib. is 
dropped on it, the average height is about 8 ft. to cause frac- 
ture. A similar test on a piece of annealed glass requires a 
drop of only about 18 in. to cause fracture. In this test it is 
important to note the striking difference between the nature 
of the fragments resulting from the fracture of the toughened 
glass, which has no sharp cutting edges, whereas the annealed 
glass shatters into sharp dagger-like pieces which can inflict 
severe lacerations. 


Considering now thermal shock, if a piece of 4 in. tough- 
ened glass is placed directly on an electric boiling ring and 
on top of this is placed a similar piece of } in. annealed glass, 
the heat passing through the toughened glass will cause the 
annealed glass to break. The toughened glass will remain 
unbroken by the severe heat treatment. Even if water is 
poured on to the hot glass it bubbles and evaporates as 
steam, leaving the glass unimpaired. The nature of the frac- 
ture of the annealed glass with the characteristic curling 
jigsaw pattern is typical of a thermal fracture in glass. During 
this test the temperature to which the toughened glass is 
heated may well cause some degree of detoughening and the 
glass may break as it cools down. 
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THE RELATIONSHIP BETWEEN SHIP CLASSIFICATION AND MARINE 


UNDERWRITING: WITH COMMENTS ON THE ADJUSTMENT OF 


AVERAGE CLAIMS 


By W. L. A. DERBY 


PART ONE 


I have often thought how unbelievable it would have been 
to Edward Lloyd, who in 1688 opened a Coffee House in 
Tower Street at a period when such places were the rendez- 
vous of London business circles, could he have realised that 
he was laying the foundation stone of, and christening, the 
world’s largest individual insurance community and_ the 
world’s pre-eminent Register of Shipping. 

It was in 1760 that a number of Edward Lloyd’s patrons, 
who by then had become an established underwriting group, 
formed a Committee to produce a register of vessels likely to 
be offered to the group for insurance. This included a rather 
crude basic assessment of condition of hull and top-hamper 
by a small body of inspectors, mainly ex-shipmasters. 

For over 70 years assignment of class remained the preroga- 
tive of underwriters, but in 1834 they combined with ship- 
owners and merchants to form a General Committee of 
Lloyd’s Register of British and Foreign Shipping which would 
take over the assignment of ship classification and issue Rules 
of construction and maintenance. 

So, for over 200 years now, Lloyd’s Underwriters and 
Lloyd’s Register have been closely linked by the dependence 
of the one upon the other, and one of the objects of my 
addressing you is to stress the continuance of that dependence. 

I have been asked to tell you something from an under- 
writing viewpoint of the bond between marine insurance and 
ship classification. The fact that the present Chairman of the 
Register is a marine underwriter of long experience at Lloyd’s 
strengthens that bond. Although, in the interim, other under- 
writers have served the Society as Deputy Chairmen, it is 20 
years since an underwriter occupied the Chair. He was Mr. 
Ernest Jacobs of the Alliance Assurance Company. I should 
like to say straight away that marine undewriters are most 
appreciative of the invaluable assistance afforded by the work 
of Lloyd’s Register Surveyors and Staff and that those among 
us who are fortunate enough to serve on the Classing Sub- 
Committee of the Register regard that privilege as one of the 
most educative and interesting outside assignments which 
come our way. Therefore, if any part of what I have to say 
is at all discouraging, I hope it will be outweighed by my 
assurance of the overall indispensability of your work. 

Marine Underwiting in this country is worldwide in its 
scope and it may interest you to know that the annual marine 
premium income of Lloyd’s Underwriters is currently over 
one hundred million pounds. 

When I came into Lloyd’s 50 years ago Marine Under- 
writing was on a very different scale. 

The Syndicate for which I worked consisted then of 20 
Members. To-day it has over eight times that number and its 
premium income is over £4,000,000 a year, but its under- 
writing is still entirely conducted from the limited confines 
of a box at Lloyd’s which seats ten men. 


You will therefore understand that current conditions do 
not permit of so detailed a scrutiny as in the past of all the 
thousands of ships whose voyagings comprise a modern 
underwriting account. 

The consideration of class is only one of the many factors 
involved that have now to be dealt with from a general rather 
than a particular angle, in that we rely on the basic assump- 
tion that the combined work of the major Classification 
Societies ensures that the great proportion of the world’s 
seagoing tonnage is maintained to a high standard of sea- 
worthiness. 

I hope to be able to demonstrate to you that, by means of 
certain comprehensive quick reference information combined 
with certain protective clausing in policies, ships of a lesser 
standard than full class requirements are quickly brought to 
our notice. 

We, at Lloyd’s, work in close concert with our good friends 
the British Marine Insurance Companies who have an equal 
representation on the General Committee of Lloyd’s Register, 
and, although in competition with Lloyd’s, jointly operate on 
such Committees as the Joint Hull and the Joint Cargo which 
exercise a beneficent control on the whole Marine Market. 

The vast volume of business which that Market now trans- 
acts makes it virtually impossible, as I have already indicated, 
for each individual underwriter to scrutinise in detail every 
item which comprises his underwriting account, but certain 
overall safeguards have been evolved to give him protection. 
One of these is the Classification Clause which he inserts in 
the great majority of the covers which he grants on cargo. 

Cargo is insured by its consignor or consignee, according 
to the terms of the contract of sale, and, unlike Hull insur- 
ance, is covered on a voyage by voyage basis, although, for 
obvious economic reasons which are to the advantage of 
both the insurer and the insured, the underwriter gives a con- 
tract which will cover all the merchant’s dealings in a certain 
commodity during a period of time, usually 12 months, each 
individual shipment being declared by the assured to the 
underwriter as it incepts. 

The insertion of the Classification Clause in a cover does 
not restrict the vessels by which the interest may be shipped 
but, as you will see, it enables the underwriter to charge an 
additional premium for shipments by vessels not fully classed 
by one or other of the Classing Societies stipulated in the 
clause. 

In an international business such as Marine Insurance, it 
would be invidious for British underwriters publicly to dis- 
criminate between the major Classing Societies of the world, 
although, privately, they will be aware of the variance in 
requirements and rightly regard 100A1 in Lloyd’s Register as 
the unquestionable hall-mark. 

So you will observe that the classification of any one of 
eight Societies is acceptable under this clause, provided, of 
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1/4/52. 
INSTITUTE OF LONDON UNDERWRITERS. 
CLASSIFICATION CLAUSE, 
STEAMERS OR POWER VESSELS, IRON OR STEEL. 
Liners (ex Chartered). 


Others (including Chartered) not over 20 years old and 
classed :-— 
Lloyd's Register ... ce 100A1 
British Corporation ... B.S. 


American Bureau 


of Shipping... swe Fats 
Bureau Veritas ... oo. = 98/3, L.1.1. Class 
Germanischer Lloyd ... *K100A4 without any 
Japanese Marine modification. 
Corporation... .. NS* 
Norske Veritas... .. IAI 


Registro Italiano .. % 100A 1.1, Nav.L 


other Steam or Power vessels, Iron or Steel, held covered at 
@ premium to be arranged. 


Wooden, Composite and Concrete steamers, held covered at a 
premium to be arranged, provided notice be given 


immediately on receipt of advices. 


CL. 83. 


course, that that class is unmodified, and provided that the 
vessel is not over 20 years old. Class is not a requisite for 
liners, whether passenger or cargo, nor does age preclude 
them, but vessels other than liners are held covered at an 
additional premium to be arranged if they are not fully 
eee or are over the age limit or are not built of iron or 
steel. 


Turning to insurance of ships, this, except for certain 
individual risks such as delivery voyages, specific towages, etc., 
is normally covered for a period of time, usually 12 months. 
The assured is generally the owner, sometimes the charterer, 
and with the Hull are linked other insurable interests such as 
Freight and Owners’ Disbursements, the amount of coverage 
on both of which is limited to a fixed percentage of the 
hull value. 

Policies on hull, etc., unlike cargo, do not require a Classi- 
fication Clause because the vessels are specified to the under- 
writer and the cost of hull insurance is adjusted on the 
casualty record of the individual owner over a period of 
years. Also, hull policies in general, unlike voyage cargo 
covers, do not contain a cancellation clause enabling under- 
writers to alter the terms and rates during the period of the 
contract. 


Sold by Witherby & Co. Lid., London, £.0.4, 


PRINTED iN ENGLAND 


When an Underwriter is asked by a Broker to quote for 
a hull proposition, one of the factors he can take into account 
in estimating his rate for the risk is the Society with whom the 
vessel is classed and also the current position of her surveys. 

Also, in considering the premium he requires for a special- 
ised risk, such as an ocean towage where he will make a 
stipulation of a warranty of seaworthiness, his quotation can 
reflect his opinion of whichever Classing Society is available 
to grant such certificate. 

Among its many publications the Corporation of Lloyd's 
produces bi-annually the Confidential Index which is, and I 
quote, “for the exclusive use of those interested in Marine 
Insurance business and is not for circulation”. I have, there- 
fore, with the kind collaboration of the Shipping Editor, 
drafted a fictitious page to give you an idea of the format of 
this remarkable production which is utterly invaluable to 
underwriters. 

Apart from certain minimum size limits, all commercial 
world shipping is included under the heading of ownerships. 
Unless marked Motor Vessels, ships are steam propulsion. 
The date when an owner first started shipowning and the 
date when he acquired each of his ships, their age, country 
of build, tonnage, general trading in the year previous to 
publication and their Classification Society, if in class, are all 
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LLOYD’S CONFIDENTIAL INDEX 
BRITISH STEAM AND MOTOR VESSELS 


OWNER, MAN? AG ER BUILT CLASS TONS CLASS OF VOYAGE 
or AGENT Country Year Gross Net CASUA ME Ss 
Acquired 


1935 
LUND BROTHERS, LTD., 257, O'Connell Si., Sydney, N.S.W., Australia. 
IOAT 


Blue Anchor Line, Ltd. 


Btn AGU a tag are darseocia cissvers US 1941 5388 2969 East, Aust 
ex Western World. (1947) sold for delivery to Far Eastern shipbreakers. 
BUG. We GBOR sinsvensrseivs iar Hong Kong 1950 rk 6174 3480 UK, Pacific, East, Aust 
ex Somerset. (1955) 
BUG RL OLERON REV cssency-fosserebershnse 1959 % 8572 5309 UK, Cont, WCAf, Aust 
ED bt hoc a pie Ale ae ape ae 1963 * 9183 5077 UK, Cont, WCAf, Aust 


1935-47: 1 ToTaL Loss. 
1956 Blue Wave, built 1918, acquired 1953, 7124 tons. Aground, Mar. 1, 1956, Middleton Reef, 120 miles N. of Lord 
Howe Is.; Brisbane to Auckland, general cargo. Back broken. Master's Certificate suspended. 


THO 

LYCHEE STEAM NAVIGATION CO., LTD., Victoria House, Des Vaux Road, Victoria, Hong Kong. 
Agents—Macmillan, Finlay & Co., Lid., 217, Fenchurch St., London, E.C. 3. 
i vessels transferred; 2 broken up. 


ORDOURE ic ccaircs aescccvear ses cers Canada 164 c T7151 4214 Pacific, East 
ex Harrow Par ke (1959) 
TADS UAR Oe hesccayecanss can thyseatrarsetanet ees US 1942 c 7179 4279 Med, US, East 
ex Ocean Enterprise. (1962) On fire, Noy, 6, 1964; extinguished. 


TOTAL LOSS. 
1961 Shien Wong, built 1911, 5600 tons. Posted Missing, Jan. 7, 1961. Hong Kong io Nagasaki; sailed Keclung, 
Noy. 15, 1960, 


1953 
MACINTYRE FISHERIES, LTD., 1). Quay Si., Fleetwood, Lanes. 
OE CRS RCH OR tty Sitch eceucezensvencaesscarcs 1953 x 570 206 Trawler 
Fiala Catcher wicv.: iccisdivis sccisteveetes 1956 * 643 241 Trawler 
Aground, Feb, 25, 1963; refloated, Mar. 3. 
Sold, 1961, to be broken up. 
Turbot-.Cateher mv. <.1..ccesencstes 1957 x 651 227 Trawler 
Sole CAaschor aiV; w.scitiaecessscutecsssesss 1959 x 775 291 Trawler 
Gra Gatohior) m5 .ccvcc.searoocaeraas 1960 *« 691 285 Trawler 
Plaice ‘Gatohar wy, disscscpctevisenas 1960 x 556 222 Trawler 
RODston Catcher oi Wh ianccuscses cies ore 1962 x 727 259 Trawler 
Mackerel Catcher m.y. ..............:0006 1964 « 896 323 Trawler 


TOTAL LOSS. 
1958 Plaice Catcher, built 1954, 724 tons. Ashore in fog, Feb. 24, 1958, at Castlebay, Outer Hebrides; a trawler. 


1919 
MEDITERRANEAN SERVICES, LTD., Royal Liver Building, Liverpool 3. 


Jointly owned by Lucraft, W ood & Co., Lid. and World wide Services Lid.—which see. 


Gibraltat mive-awes cc eee 1949 x 822 578 UK, Cont, Med 
Malta? wiv, Geictscastmeraeeceeee 1953 * 1259 680 UK, Cont, Med 
[ohgnigit bo fy eaeety eat reat tN meter 1962 x 1064 597 UK, Cont, Baltic, Med 
LDS. WH SViG vo avasekrevissavansiduc aves vataeacsias 1964 = 956 658 UK, Coni, Med, WCAf 
POLOUR UCTS Farias cach ccna Caomee aun eR Cae 1965 x 1261 741 UK, Cont, Med, WCAf 


TOTAL LOss. ; 
1960 Crete, built 1958, 1164 tons. Explosion in port, sank at Catania, Aug. 5, 1960; raised and beached, Sep poh _ 
Sold. 


wv 


PART OF THE BROKER’S “SLIP” 


M.T. "PEWDRECHT"” in two parts (see reports) 
in one tow of Smit’ Tug for sea tow. 


At and from (limit 30 days or he!d covered) Montevideo and adjacent 


waters via port or ports, |place or places to Holland and 30 days 
thereafter (unemployed) or held covered. 

Risk attaching from moment to be declared afterwards but period 
to sailing limited to 30 days or held covered. 


Fls.6,000,000 on HULL 


s.6, 


so va ued 


PFls.3,000,000- on HULL 


ae 


MACHINERY etc.. per the aftship of Tanker oe 


MACHINERY etec., per the foreship of Tanker "PENDRECHT 


so valued. 
Subject to usual full D. udig Clauses including War, bo la 


1) in case of total and/or constructive and/or arranged and/or 
compromised eee loss|of the aftship, Underwriters to pay 


Fils.9,000,000 ps aoe .I.A. W.B.S. whilst they will be credited 
for the proce La of thé foreship after arrival thereof in Holland. 


in case of total and/ ‘oF constructive and/or arranged and/or 
compromised total Loss |of the ae Underwriters to pay 
Fie. 5. 750,000.P.P.1..|Fi...A- mal see ie 


ne) 
— 


3) in case of total and/o ric constructive and/or arranged and/or 
compromised total ene iof both parts, Underwriters to pay 
Pas. 0..0007060:.. PP. Pz | eae Fe Mes Eh wae 


ake place second part of March or begi 


Gracls 


Sailing is calculated to 
April 1965. 


— _ 


SORT TIT TTT cechttaticimects. 
i gas eelt B be vrmetly 

Rate: jo N.D. aes Jar ; 
y y, payable on Fls.9, .O00O0 : 

— ' J 

ao LF a . vane," 

cf ~ = 54% brokerage only Sane, ‘ 
ce 2 A . © a4 e j ‘ 
ae = / / V4, 4 } 
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COVERING A TOWAGE INSURANCE 


et 


Vizixiy ist v 
_ b> 8 I31 31618 


Fa Bh 2 LONDON 3562 
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la izosh79n1B 


A PAGE OF 


142. ~PEA-PER 
VESSEL—Owner 

Pearl of Victoria (s) ...... fLeecho) Pa 
Peart River <s. tank) . (Monrovia J.) Li 
Pearl Sea (mi) ............ (Monrovia) Li 
Pearl Sea(m) ........ {Trelleporgs) Sw 
Pear! Stone (m) ........ (Monrovia) Li 
Pearl Trader (m) ........ (Moarovia) Gr 
Pearteaf (m. tarik) ......... (Jacobs) Br 
Pearistone (m) . {Alvion) Pa 
Pechorales (g-t) ....----seccereesveee Ru 
Peder Most (m) . rensen, A.) Da 
Peder Rinde (m) . (Rinde) No 
Pedro de Alvarado (s) ... (Elcano} Sp 
Pedro Miguel (m. tank) ... (Pedro) Pe 
Peenemunde (m) ... (Deutsche os £G 
PRBESG. (5). isccedsescssescns {tauro) | 
Pegasus mt (Kampman's) ‘Du 
Pegasus (m) ........-.sc000+ (S.T.C.) G 
Pegasus (S) ...........0.55 (L.S.C.P.) Li 
Pegasus (m. tank) ....... (Parkfelt) Sw 

BEM AM) ce ccna nasheke (Henderson) a 
Paik OM} nvcee nas atpevesevernes by) N 
Pekin (m) ........ oe di) Ph 
Pokl (S$. tah). vcc2 sce. p cea cee 
Pelagos (m) .........- (Overseas Ff.) or 
Bacio (m. tank) ......... (Bruun) No 
Pelayo (m) .......... (MacAndrews) Br 
COLONES (S) “cans so ccsre. ee (Holt) Br 
PevGAn (1) se 3 vacnarxiars (A.T.S.) Ho 
Pelican State (s) .... . (S.M.L.) Am 
Pelikan (m. tank) (Bruun) No 
Pelion (s. tank) ...... (Maroceano) rd 
Pellinaion (3. tank). .. Hansen) 
Pellworm (m. tank) . (Hanssen, C. :~ 
Pembroke Trader (s) iaecerene (LA 
Penavel (m) ............+ enco) fr 
Penchateau (m) ......... (C.N.C.0.) Fr 
Pendennis Castle ei « (UC) 2sc Br 
Pendrecht (in. tank) . - (Ommeren) Du 


Penelope (s) ............ (Lundqvist) Fi 
Penelope (m) . (Cia.M.1.) Gr 
Penelope (m) .... (8.0.1) 2se Gr 
Penelope (s) ................- (Elios) It 
Penelope Everard (m) ... (Everard) Br 
Penelope L. (s) ...... (Penelope S$.) Li 
Renard (i) evis-tecccp (C.N.C.0.) Fr 
Pengall (m) .............. {C.N.C.0.) Fr 
ROURIS Sh nasercessbvases (C.N.C.0.) Fr 
PORIDAN) saenesess-ibkacrs (Martin) al 
Penmarch (s) ............ C.N.C.0.) 
Pena Carrier (t-e. tank) Penny ah 
Penn Challenger (s. tank) .. (Penn) Am 
Penn Exporter (t-e) ......... (Penn) Am 
Penn Sailor (t-e. tank) ...... (Penn) Am 
Penn Transporter (t-e) ...... (Penn) Am 
Penn Vanguard (s) .......... (Penn) Am 
Pennmar (Ss) ............00. (Calmar) Am 
Pennmar (s) ..........-...._ (Calmar) Am 
Pennsylvania i eee (Forenede) Da 


Pennsylvania Geity (s. be 

(Trans. S.C.) Li 
Pennsylvania Sun (s. tank) . saan Am 
Pennyworth (m) (al Nal esh) Br 
Pensa (m. tank) . nska) Fi 


Pensacola (s) . . (M.D.E.) Li 
Penteli (s. tank) (Pancorbo) Gr 
Pentelikon (m) ..... . (Laeisz) Ge 
Pentelikon (s. tank) (Maroceano) Li 
Pentellina(m) ...... «. (C.N.C.0.) Fr 
Penthievre !1 (m) (C.N.C.0.) Fr 
Penvern (s) .... (C.N.C.0.) Fr 
Penza(m. tank) ...........4.. 2 Ru 
Peony (m) ..... (Penin tar) 6r 


Peperkust (m) . (Vereenigde) Ou 
Sete ane i Oike (aru “nd 
ep lomba (s) "A. 

Perang(m) .........00. at D. Lines) Br 
Ho Rok — {S}'25 vee (Argyll) Br 
Perd (Perdtka) ti 
Pereira ies (s) (Brasileiro) Bz 
i eae ee oe 2sc Ru 
Perene (m) .... . (Peruana) Pv 


» (S.LC.AR.) > 


Perestlay! ew a 
Perfecto (m) . 


acts HHH HRHHES 


Ce oe al 


** 


* 


QHD 


<# 24d QOD Zee 


HePF DBP RBRBPRPAK Kh trast nent 


HARD HRM SZdsZ 


* 


fFigReg Bit Gross 


10093 


499 
7613 
13533 
23607 
24521 
896 
7253 
3411 
§993 
28582 
13150 


26281 


THE 


DAILY SHIPPING INDEX 


LLOYD'S SHIPPING INDEX, Wed., Mar. 17, 1965. 


Net From for Latest Report 
1804 Bombay Jan 31 ............ Chittagong Sd Colombo Mar 10 
8176 Punta Cardon Mar 4 ......... New York 
4806 Liverpool Feb 19 ............ Galveston Ar Mar 9 
3232 Londom Mar 2 ............ Buenos Aires Ar Santos Mar 15 
4814 Bandar Shapur Mar 2 ......... — 
6194 Yokohama Feb 25 ............ Vancouver Sd Seattle Mar 13 
7051 Singapore Mar 4 —- 
5458 Amagasaki Feb 17 Guaymas 
2212 Rouen Feb 14 .... Lattakia Ar Feb 24 
241 Lorient Mar 11 .................. Leith Ar Mar 14 
1079 Flekkefjord Mar 5 St Louis (Rhone) Sd Ceuta Mar 12 
2444 Antwerp Mar 11 .. Bilbao Sd Roiterdam Mar 13 
7892 Eastham Mar 7 EI Palito 
186 London Mar 10 . . Wismar Pd Brunsbuttel Mar 12 
4220 Trieste Jan 10 .. Basrah Ar Mar 14 
227 Rotterdam Mar 12 . Ghent 
6064 Newcastle (NSW) Mar 5 Osaka : 
1086 Terneuzen Jan 10 ... Sandy Point (Me, Sd St Michael’s Feb 20 & W/T Mar 1. 
tk Jan 28, Mar 2 
7157 Milford Haven Mar 8 ............ Nyborg Sd Aarhus Mar 12 
3031 Glasgow Feb 24 ............... Rangoon Pd Gibraltar Mar 13 
1420 Antwerp Jan 28 ......... Baton Rouge Ar Feb 25 
G9 GOVING: JAM 2 Oc. Bs cect eys tice vans Kobe Sd Singapore Rds Mar 12 
11676 Havana Mar 14 ............... Canada 
6374 Philadelphia Feb 21 ............ Mobile Ar Feb 27 
7562 Botany Bay Feb 25 ............... Balboa 
457 London Mar 14 .............00085 Cadiz 
5852 Yokohama Feb 25 
Liverpoo!, Dublin & Glasgow !n 5.56 N 95.48 — Mar 16, am 
259 New York Mar 10 ......... Port Limon 
4586 San Francisco Feb 6 ... Bremerhaven Sd Hamburg Mar 14 
7677 Coryton Mar 4 (cld) ............ Bergen Ar Mar 11 
14720 Hamburg Feb 25 .................. Bonny Ar Mar 9 
15322 Mena Ahmadi Mar 12 ...... Land's End 
408 Rotterdam Feb 24 ............ Bizerta 
4376 Yokohama Feb 28 ............ Shanghai 
1712 Almeria Mar 13 <...,)......<..:.. Rouen 
3007; Dakar Mar 9 go. s3.c ace. ..e det Rouen 
15977 Southampton feb 25 ............ Durban ‘Sd East London Mar 15 
7561 Aruba Jan 6 ..............- Buenos Aires Beached Indio Channel Jan 27—Cut in 
{two Mar 2 — Sections towed 
iMontevideo Mar 13 To be towed 
iEurope—Been aground. %& Jan 23, 
[Mar 16 
161) Antwerp Mar 15 ............ Rotterdam 
6317 Bremerhaven Feb 23 ............ Glasgow Ar Fen 26 
1841 Marseilles Mar 10 ............ = 
ABIS ‘Spezia tFeb9" =. Saheic. Valparaiso Po Panama Canai Mar 13 
968 Belfast Mar 11 .................. London 
4383 Hampton Rds Feb 16 ......... Vitoria Ar Mar 14 
688 Ar Nantes June 30, 1964—Laid up . 
6743 Baltimore Feb 28 .....:............ Havre In 46.21 N 35 W Mar 7 
1410 Ventspils Mar 2 ...........0005 Nantes Ar Mar 8 
2054 sHavre! Man FB: osc cisey: vente Duala Sd Casablanca Mar 13 
A764 (RMUGR S AR ctest Acs Ace. Fees Swansea Ar Mar 15 
6407 New Orleans Mar 4 ............ Bombay Sd Freeport (Bahamas) Mar 7 
12573 Providence Mar 3 ..............+ US Gulf 
G385:, Lanipa Jane 22. sve csccnsanuate —— Ar Port Arthur Jan 24 
SOT? Galvestothis7- sas 57 steed Bombay Sd Freeport (Bahamas) Mar 14 
618! Rio Janeiro Jan 19 ............... Tampa Ar Feb 4—Repairs. > Jan 9, Feb 19 
57458 Antonina Jan 16 ............... Houston Ar Feb 9 
7737 Baltimore Feb 21 ...... San Francisco Ar Mar 10 
4364 Baltimore Mar 11 ......... James River In tow 
2981 Copenhagen Jan 7 ........... Necochea Ar Necochea Rds Feb 9 & ar weet 
ite 
19615 San Francisco Mar 5 ... Punta Cardon Pd Panama Canal Mar 14 
16779 Philadelphia Mar 5 ............ Beaumont 
4545 Glasgow Mar 8 ............ Point Central 40 m NNW Land’s End Mar 9, pm 
6144 Odessa Mar 1 ............c00005 Helsinki Pd Gibraltar Mar 8 
THOS: Bacifion...detideovem...atene - Pd Panama Canal Mar 11 
14720 Bandar Mashur Feb 24 Wilhelmshaven Pd Gibraltar Mar 10 
2566 Hamburg Mar 8 ............... Guayaquil 
15308 Antwerp Feb 24 ... . Bandar Mashur Sd Suez Mar 6 
7191 Baltimore Mar 10 ... Brest 
1203 Venice Mar 11 ....... . Antwerp . 
2819 “Casablanca Oct 27 . Nantes Ar Nov 7—Repairs 
3942 Conakry Feb 18 .... —— Sd Lattakia Mar 4 
5644 Tampico Mar 13 . Havana 
1551 Ourban Mar 6 ..... ... Lobito Ar Mar 13 
7085 New York Mar 15 Trinidad 
2742 La Pallice Jan 8 ..... . Bandar Shapur Ar Fed 19 
3489: SapeleFabe23's. okikessseerke London Sd Las Palmas Mar 15 
5901 San Francisco Feb 28 Los Angeles Ar Mar 2—Sold 
4436 Antofagasta Mar 13 ... Panama Sd Tocopilla Mar 15 
6805 Santos Jan 18 ........ ; Hamburg Ar Cabedello Mar 14 
S090  Odessare notes Sd Suez Mar 10 
4583 Callao Jan 30 ............... Baltimore Ar Savannah Feb 23 — Fire ae bn 
(% Mar 5, 9 
1809 Gdynia ...... PS gPe . Rotterdam Ar Mar 13 
219 Corcubion Mar 9 ............ Rotterdam Ar Mar 15 


shown. His total losses are given in detail for the past ten 
years and summarised back to 1900 in the British section but 
to 1910 in the Foreign. Recent serious casualties, not involving 
total loss, are also detailed. 

The function of the Confidential is to enable Underwriters 
to see at a glance the overall picture of any ownership in the 
world. This, in conjunction with his own records and with 
the premium and claim figures, including estimates of out- 
standing claims, which the broker has to submit for the 
expiring year and up to four previous years, enable the 
Underwriter to assess the merits of the risk either as a fresh 
proposition to him or as a renewal. 

Blank spaces in the Classification column will, for instance, 
alert him, especially where the casualty record is unduly 
heavy, to enquire why those vessels are unclassed. Also his 
assessment may be affected by the fact that an owner has 
chosen to avail himself of less onerous classing requirements 
than those which you administer. 


Another remarkable production by Lloyd’s is the Daily 
Shipping Index more familiarly known to the Market as the 
Blue List, which, with the twin volumes of the Confidential 
Index, always lie, in company with the Register, on the table 
in the Classing Room, to aid the deliberations of the Classing 
Committee. In view of the confidential nature of the Blue 
List, my extract is from a very out-of-date number but this 
will serve to illustrate the points | want to make. 

This page contains one major casualty, the Dutch tanker 
Pendrecht of 13,000 tons gross which, with a full cargo of 
oil from Aruba, stranded in January, 1965, in the Indio 
Channel of the River Plate, breaking her back. 

Later, cut in two, she was towed into Montevideo whence, 
on 20th March, both sections left in tow of one 800-ton tug, 
the Elbe, of 4,000 h.p., owned by Messrs. L. Smit & Co., 
bound for Holland for re-joining. The two parts were towed 
in line astern, the afterpart stern first, being some distance 
behind the bow section. 

The anticipated rate of tow was reduced by adverse weather 
in the South Atlantic and, having expended her bunkers, Elbe 
refuelled at sea from the Pendrecht. Off Cape Finisterre 
another Smit tug took over the forepart for the final stage 
through the busy waters of the Channel and the North Sea. 
This spectacular feat of towage was safety completed by mid- 
June. 

I thought you might be interested in the Broker’s slip on 
which he covered this unusual risk which was quoted for and 
led at Lloyd’s and placed in the London Market. You will 
note that the aftship section was insured for florins 6,000,000 
and the foreship for florins 3,000,000, but with a proviso that, 
should the aftship, containing the machinery, be lost, under- 
writers would pay the total florins 9,000,000 because recon- 
struction would then be uneconomic. They would, however, 
be entitled to credit for the break-up value of the foreship if 
that alone arrived. 

You will see that the leading Underwriter struck out the 
Broker’s wording of “seaworthiness admitted” and substituted 
a warranty that a Certificate of Seaworthiness should be 
issued by Smit’s representative. 

As a striking photograph of the Pendrecht tow was not 
available, Messrs. Smits kindly provided one of a recent 
spectacular incident in the work of Elbe. It shows her, last 
October, making connection in heavy seas with the disabled 
Liberian motor vessel Adrian Maris of 3,800 tons gross, 600 
miles off the Bermudas. Despite the foul weather the hawser 


was made fast within seven minutes and the vessel was safely 
towed to Bordeaux. 

The Blue List gives the current movements and position of 
all vessels at sea or, unless laid-up, in port, apart from 
coasters, trawlers and yachts. It gives ownership, gross and 
net tonnage, age, and involvement in casualty if any, as well 
as showing the Classing Society, Lloyd’s Register being 
indicated by a star, the other seven leading Societies by an 
initial. Here again, a blank in this column denotes that the 
vessel is unclassed because either the owner does not choose 
to class her, or she is too recently launched for classing 
information to be available, or her class has been withdrawn 
or allowed to lapse, or she is classed by a Society not named 
in the Classification Clause. 

If she be among the ten million tons of shipping owned in 
the Communist Bloc, whose state-operated classing informa- 
tion is not available, the column will also be blank, but other 
blanks can alert the underwriter to turn up Lloyd’s Register 
or the vessel’s national Register, which constitute his third 
piece of vital equipment, to see if she has been entered with 
a Society but, for some reason, is out of class. If so, he can 
invoke the Classification Clause in regard to a suitable addi- 
tional premium on her cargo. 

It may be that, despite increased premium, the underwriter 
prefers not to retain such a risk which he has had to accept 
under a cargo contract. He achieves this by giving a broker 
an order to reinsure this particular risk elsewhere on his 
behalf. It may be that he will be required to pay more than 
the original premium to do so, but that is a matter for his 
individual judgment. 

In serving on the Classing Committee it has sometimes 
struck me, when a more than usually blatant case of 
attempted avoidance of requirements has come before us, 
that Surveyors may wonder why underwriters continue to 
insure such ships. 

Fortunately they only represent a minute percentage of cur- 
rent seagoing tonnage, and one has to remember that a ship 
in poor condition may satisfactorily carry, say, grain on the 
temperate voyage from the River Plate to the Mediterranean, 
but could be a very different risk if loading a full cargo of 
manganese ore at Mormugao for Japan at a season when she 
might expect to encounter both the monsoon in the Indian 
Ocean and typhoons in the China Seas. 

Again, no underwriter of a large general hull and cargo 
account can expect entirely to avoid the rough and accept 
only the smooth in his relations with the Brokers on whom 
he is dependent for his intake of business. He will, however, 
try to control the size of the line he writes on a dubious risk 
and, as I have said, he can relieve himself by reinsurance. 


While on the subject of Lloyd’s Shipping publications, I 
should mention briefly our daily newspaper, Lloyd’s List and 
Shipping Gazette, now over 230 years old. In addition to 
general shipping news and Law Reports, it is unique in 
publishing in full all Marine and Aviation reports posted the 
previous day on the Casualty Boards at Lloyd’s, plus any 
further reports received up to the time of going to press and 
additional relevant information supplied by its correspond- 
ents. 

A final document which I should bring to your notice in 
demonstrating the close tie between marine insurance and 
ship classification is published weekly by Lloyd’s to circulate 
highly confidential matters which may be of assistance to 
Underwriters. 


A TUG MAKING FAST TO A CASUALTY 


From the ominous colour of the paper used, it is known 
as the Pink Sheet. It contains information received from 
Lloyd’s Agents, usually concerning cargo matters, and it also 
lists the vessels which, at the current deliberations of the 
Classification Committee of Lloyd’s Register, have had class 
modified, suspended or withdrawn. 

I hope that I have now sufficiently described the various 
media by which the work of a Register Surveyor is brought 
to the attention of the subscribers to these various and 
exhaustive productions by the Intelligence and Editorial 
departments at Lloyd’s, and the way in which such publica- 
tions emphasise the work of the Classing Societies. 


Before passing on to the other subject with which I have 
been asked to deal, I should like to make a brief allusion to 
two modern maritime developments. 

On 9th April last an entirely new form of casualty was 
entered on the Marine Loss Book at Lloyd’s and, for the first 
time, two identical reports appeared on the Casualty Boards, 
one on the Marine Board and the other under Aviation 
Advices. This was because the reports concerned the capsizing, 
outside Aalesund in Norway, of a British Hovercraft. 

Built by Saunders Roe at Cowes in 1964, its insurance had 
been led by a Lloyd’s Underwriter and completed in both the 
Marine and the Aviation Markets. 

A number of these border-line craft with a capacity of up 
to 40 passengers have been insured for around £100,000 each, 
and quotations have been sought for a proposed larger type 
costing over £1,000,000 which, it is claimed, will carry 600 
passengers across the Channel at 70 knots and can operate in 
a 45-knot wind with a sea running to a wave height of 13 ft. 

So far Great Britain has held the lead in this new field of 
transit development and its insurance. I believe [ am correct 
in saying that Lloyd’s Register has been approached to 
provide a special new classification symbol for these amphi- 
bians of sea and air. This is a striking example of collabora- 
tion between the twin skills of British Underwriting and 
Classification in the field of technical development. 

You have already entered into the realm of that modern 
leviathan, the Drilling Rig and I am sure that your further 
participation will be welcomed by Underwriters in this rapidly 
expanding new source of Marine Insurance in which the 
British Market has a considerable participation. 


PART TWO 


I have been given to understand that some remarks about 
damage surveys and their value to underwriters would not be 
unwelcome particularly in regard to the division of damage 
between Particular Average and General Average. 

The origin of the maritime term Average is lost in the mists 
of antiquity, but, for our purposes to-night, it can be taken to 
mean material damage or pecuniary loss, not total but partial, 
sustained in the course of a marine venture either by the 
vessel or her cargo or by both. 

Particular Average is accidental damage to ship or cargo 
which concerns only the owner of the damaged property and, 
if insured, his Underwriters. For example, simple heavy 
weather damage to the superstructure of a vessel would, pro- 
vided it did not involve salvage, towage or deviation to a 
port of refuge, bring a Particular Average claim on a Hull 
All Risks policy. Similarly, seawater damage to cargo in the 
normal course of transit would be settled as a Particular 
Average Claim. 


General Average, on the contrary, is damage or expense 
voluntarily and reasonably incurred in time of peril for the 
benefit and safety of all interests concerned—the ship, the 
freight at risk and the entire cargo. Such sacrifice for the 
common good is reimbursed by contribution from the owners 
of all property involved, and is apportioned over the net 
arrived value of such property. As General Average is a 
Common Law liability, all concerned must participate whether 
they are insured or not. 

This ancient principle of contribution has, in general, 
proved an eminently fair basis, and it has become recognised 
by all maritime countries as a primary rule of seaborne trade. 
In this country it was embodied and defined in all its aspects 
in the Marine Insurance Act of 1906 which is the judicial 
yardstick of our marine legislation. 

The apportionment of General Average Contribution is 
the realm of the Average Adjuster acting on behalf of all 
interested parties at the terminating port of the venture or 
at the place of the abandonment of the venture if earlier. As 
law practice varies somewhat between country and country 
it is usual for the Charter Party or Bill of Lading or contract 
of carriage to stipulate that adjustment shall be governed by 
the York—Antwerp Rules, an international code originally 
drawn up in 1864 and several times thereafter revised in the 
light of experience and changing conditions. 

A few examples of the type of partial losses falling under 
the heading of General Average Sacrifice and Expenditure 
are—jettison of cargo for the common safety: discharge in 
order to refloat or to make seaworthy a ship in distress: 
sacrifice of anchors, etc., to avert a peril: damage to hull, 
machinery, equipment or cargo by fighting fire or endeavour- 
ing to refloat: salvage charges: discharge costs necessitated 
by repairing hull damage to make seaworthy: warehousing 
and forwarding charges on cargo at and from a port of 
refuge. 

There is now, however, a school of thought which, because 
of the complicated and lengthy apportionment involved by 
General Average, particularly for instance in such a case as 
a fire in one hold of a vessel carrying a large and varied 
general cargo, feels that the traditional method of contribu- 
tion by all interests concerned might, with advantage, be 
dispensed with in favour of making each interest concerned 
liable for its own damage. 

An example of the inequity to which General Average 
can give rise is the quite customary admixture in one vessel 
of tin ore and fish meal from the West Coast of South 
America. Here the relative values are quite incompatible and, 
whereas fish meal has an inherent hazard of spontaneous 
combustion, tin ore, which probably comprises 90 per cent of 
the value of the vessel’s cargo, has therefore to contribute a 
major share of the cargo contribution involved by a casualty 
due to the fire propensity of the other 10 per cent. 

Insurance costs are lowered if a shipowner elects to run 
his own Particular Average and insures on such clauses as 
Free of Particular Average Absolutely, or Free of Particular 
Average unless caused by Stranding, Sinking, Fire or Col- 
lision. 

When an assured is insured on limited conditions it is, of 
course, to his advantage to have as broad an interpretation 
as possible put upon General Average in borderline circum- 
stances. If, for instance, it can be maintained that, following 
a stranding, all bottom damage was sustained during refloat- 
ing operations and not by the original taking the ground, 
then the cost of repairs to the hull would be the subject of a 


contribution in General Average from the cargo on board 
even though that, in itself, was undamaged. Similarly, opera- 
tional machinery damage, which is Particular Average, must 
be distinguished from damage to engines incurred in efforts 
to refloat which falls under General Average. 

The ultimate adjudication is a matter for the Average 
Adjuster or, in the last resort, for the Courts, based primarily 
on the contents of the survey reports. 


It was suggested in my brief for this paper that I com- 
mented on whether certain of the more remote maritime 
hazards can give rise to claims under the standard Institute 
Hull Clauses unamended. 

Firstly, Latent Defect arising from faulty material or work- 
manship. 

This is dealt with under the clause known as_ the 
“Inchmaree”’ Clause, so-called from the name of the vessel in 
a court case which established the law on this issue. 

By it, Underwriters are liable for damage resulting from 
the latent defect, but not for the cost of repairing or replacing 
the defective component. 

Secondly, damage stemming directly from Faulty Design 
or from Predictable Vibration. This, as such, is not covered ; 
but if a weakness in design of Hull or Machinery aggravates 
heavy weather damage then the total damage is recoverable 
in full. 

Thirdly, Negligence. Loss or damage caused by the negli- 
gence of a vessel’s personnel or of her Pilot is covered pro- 
vided there has been no want of due diligence on the part of 
the Owner or Managers of the vessel. 


British insurers, in a very large proportion of circumstances 
likely to result in sizeable claims on ship or cargo, make a 
practice of instructing the Salvage Association or, to quote 
its legal and more explanatory title, The Association for the 
Protection of Commercial Interests as respects Wrecked or 
Damaged Property. 

The S.A., to give it its colloquial reference, is over a century 
old. It is headquartered in London but has about 15 offices in 
Europe, North America and Canada. It is a specialist organ- 
isation in the subjects of salvage contractors, towage facilities, 
repair yards, suitable surveyors, commodity damage and 
reconditioning, and all the kindred matters involved in 
casualty to a ship and her cargo. 

It is a non-profit-making concern, financed solely from fees 
charged for its services, which usually form part of the 
ultimate claim on Underwriters. 

The Association’s close co-operation with Average Adjusters 
and Shipowners can be of mutual benefit to both insured and 
insurers especially in complicated cases of stranding or fire 
involving a wide range of general cargo as well as hull 
damage. 


The S.A. makes considerable use of the co-operation of 
Lloyd’s Agents, a vast network of reputable maritime firms 
appointed by the Committee of Lloyd’s, who act, upon 
instructions, in Underwriters’ interests, and are also the source 
of much of the vast mass of shipping information which 
funnels daily into Lloyd’s. 

The S.A., either direct or through the local Agent, will 
arrange for surveys, damage estimates and the general pro- 
tection of Underwriters’ interests in regard to storage, recon- 
ditioning, forwarding or the advantageous disposal of dam- 
aged cargo. In the case of hull damage, tenders will be sought 
for repairs, or temporary measures taken to enable her to 
proceed under her own power or in tow to a port with better 
facilities for repair or for the handling of her cargo. 

The assured can, of course, employ a surveyor on his own 
behalf, but the choice of a surveyor to act for Underwriters 
is at the discretion of Lloyd’s Agent if no Salvage Association 
surveyor is available. Agents are instructed by the Corpora- 
tion of Lloyd’s that Underwriters’ preference is for a Lloyd’s 
Register representative whenever possible. The granting of an 
interim certificate allowing a damaged vessel to proceed on 
her voyage is primarily the prerogative of a surveyor of the 
Society with which she is classed, should one be available. 

So, in addition to ensuring that a large proportion of the 
world’s tonnage is maintained at a high standard of sea- 
worthiness, you also come to our aid when we are in trouble. 


In conclusion, | would make the point that nothing is in 
the long run more in the interest of an Underwriter than that 
his client, the assured, should receive proper recompense 
under the terms of the contract between them. 

Good settlement of claims is as important to an Under- 
writer, in his relations with Brokers on whom he is dependent 
for his spread of business, as is his ability in compiling his 
portfolio; for him to seek pretext to avoid proper liability 
under a contract of which “good faith” is the accepted basis, 
would be his worst advertisement. 

Admittedly, of course, differences of opinion can and do 
arise and sometimes lead to litigation or to arbitration. 
These differences can occur because the circumstances of 
a claim are such that the Underwriter has reason to infer 
that the assured has not observed the fundamental principle 
of insurance, namely, that he “must act as though he were 
uninsured”. 

So, finally, we sometimes see you entering even further into 
our realm by giving your expert and impartial evidence in 
court or at arbitration, although I realise, however, that your 
Society prefers to avoid giving this time-consuming service 
if possible, because one or other of the litigants, both of 
whom are probably clients of the Society, is bound to be 
adversely affected by your evidence. The Society, therefore, I 
believe, always endeavours to have both sides represented at 
the initial consultation with its Surveyor. 
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THE EFFECT OF METALLURGICAL VARIABLES ON THE BRITTLE 


FRACTURE OF MILD AND MEDIUM CARBON STEELS 


By J. Naysmith 


INTRODUCTION 


As most of what is known about the brittleness of metals 
follows from the study of steel, this paper is concerned with 
the brittleness of steel alone. The degree of brittleness 
exhibited by a metal increases with the lowering of tem- 
perature. Only face-centred cubic metals are ductile at low 
temperatures, but there are exceptions even among these. 

A characteristic of brittle fracture is that within the volume 
of the material taking part in the fracture and in its immediate 
vicinity there exists a triaxial stress system, and is generally 
accompanied by high loading rates. 

When a crack initiates, the elastic energy stored in the steel 
in the immediate neighbourhood of the crack is released, and 
propagates the fracture. The initiation and propagation of 
fracture in ferritic steels will take place if the stress system is 
of such intensity that normal stresses, greater than the critical 
stresses, exist in the ferrite cleavage planes. Each factor that 
makes the plastic deformation of ferrite by slip more difficult 
helps brittle fracture. Some of these factors that effect plastic 
deformation in this manner are: — 


|. Lowering of temperature. 
2. Ageing. 

3. Increase in loading rate. 
4 


The arrangement of constituents in the structure. 

Brittle fracture has certain distinguishing features: — 

(a) Brittle fracture is accompanied by little plastic 
deformation or energy absorption, even when caused 
by static loading. 

(b) Propagation of brittle fracture takes place at high 
speed. 

(c) Dynamic loading favours brittle fracture. 

(d) Ina failure by tensile loading the brittle fracture face 
is perpendicular to the direction of stress. 

(e) Brittle fracture of mild steel plate is characterised by 
a “Chevron” pattern, the apexes of the chevrons point 
to the origin of fracture. The chevrons are less pro- 
nounced as the brittleness increases. 

(f) Crystalline and fibrous texture is usually shown by 
the faces of mild steel brittle fractures—higher brittle- 
ness is accompanied by a higher degree of crystal- 
linity. 

The transition temperature depends upon many factors 
including chemical composition, heat treatment, grain size, 
rolling procedure and deoxidation practice. 


THE EFFECT OF GRAIN SIZE 
The ferrite grain size of hot-rolled steel is governed by the 
chemical composition and by the rolling practice in the steel 
mill (by final pass temperature and finished plate thickness). 
When hot-rolled steel is normalised, the ferrite grain size is 
altered in a manner that depends upon the maximum tem- 
perature to which the steel is heated, and upon the rate of 
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cooling from this temperature. Steels completely deoxidised 
with silicon plus aluminium will have somewhat smaller grain 
size than semi-killed steels when normalised from ordinary 
temperatures, hence fully-killed and normalised steels are 
superior to semi-killed steels. (The beneficial effect of alumi- 
nium deoxidation is, however, not always realised in hot- 
rolled steels.) The increase in transition temperature with 
normalising temperature is not linear for fully-killed steels 
probably because of the different grain growth behaviour of 
fully deoxidised steels. Such steels show little grain coarsening 
until heated well above the ferrite-austenite transformation 
temperature. At still higher temperatures, however, grain size 
increases rapidly as the temperature is raised, when this 
occurs, there is a correspondingly accelerated increase in 
transition temperature. 

Hodge, Manning and Reichhold' investigated the relation- 
ship between the ferritic grain size and transition temperature 
of a 0-02 per cent carbon iron, and found that over the range 
1-6 A.S.T.M. (16-512 grains/mm.*) the relationship was 
linear and an increase of grain size number decreased the 
transition temperature by about 17° C. (30° F.). 

Barr and Honeyman?’ expressed the opinion that the man- 
ganese-to-carbon ratio affects transition temperature to a 
greater extent than the grain size does. They agree that with 
increase in grain size so the transition temperature rises but 
that this effect may not be entirely due to grain size, but to 
changes in the internal structure brought about by the treat- 
ment which results in a finer grain size. Nevertheless, many 
of the steels with a high manganese-to-carbon ratio (higher 
than 3) failed in a brittle manner. Since all these steels were 
coarse grained, grain size may be a more important factor 
than the manganese-to-carbon ratio. From their investiga- 
tions, three conclusions relating to the influence of the various 
factors affecting grain size can be drawn: — 

(1) Increase in the manganese-to-carbon ratio of mild steel 
tends to give finer grain. 

(2) There is evidence of grain growth when the normalising 
temperature is raised. 

(3) Annealing results in a larger grain size than normalising 
from the same austenitising temperature. 

MacKenzie* investigated the ferritic grain size in mild steel 
plates, the plates varying in thickness from 0°4 to 1:2 in. On 
average, the thickest plates had coarser structures. He showed 
that there was a relationship between the grain count and 
notch sensitivity of the material. With thicker plates, for 
which the rate of cooling is slower and grain size lower, the 
notch sensitivity continuously increases. 

At the start of rolling mild-steel plates which are frequently 
soaked at 1260-1300° C., the austenitic grain size is large. 
During rolling a breakdown of the grain occurs, the extent of 
this breakdown depends on temperature and the reduction in 
thickness. 

Between rolling passes grain growth takes place rapidly at 
first, then later slowly as the crystal size approaches a limiting 
value which is a function of temperature. This is confirmed 
by MacKenzie who showed the effect of finishing temperature 


on notch sensitivity of mild steel plates. The finer grain in 
these plates is the result of : — 

(1) 
(2) 


A faster cooling rate through the transformation range. 
The crystals in the plates are not allowed to approach 
the limiting size because these plates cool too quickly. 
For these plates the finishing temperature is lower than 
for thick plates. 


(3) 


THE EFFECT OF DIRECTIONALITY 


Generally, for mild steels with brittle characteristics there 
is little difference in results between length and cross tests. 

For fibrous fractures the fracture energy is greater for 
length than cross specimens. Normalising does not eliminate 
this difference, the probable reason for this is elongation of 
non-metallic inclusions. 

In banded structures, tests with the notch parallel to the 
surface give higher energy absorption figures than with the 
notch perpendicular to the surface. This difference is really 
pronounced if the notch is sharp and the steel tough. 
Examination of fractures in banded structures indicates that, 
for specimens with notches parallel to the surface, the volume 
of material plastically deformed is greater than for specimens 
with the notch perpendicular to the surface, therefore the 
impact value in the first case must be the greater. 


THE EFFECT OF COOLING RATE 


The rate of cooling from austenitising temperature has a 
pronounced influence in the impact values of mild steel. 
Specifications do not state what rate of cooling should be 
applied but only indicate that the temperature should be 
about A3. Slow cooling rates are detrimental to the impact 
properties of mild steel, best results are obtained by water or 
oil cooling. 

Increase in cooling rate influences the properties of mild 
steel because of the following factors: — 


(1) Decrease in grain size. 
(2) Form and distribution of carbides. 


(3) Retention of carbon in solution (to keep carbon in solu- 
tion, material must be prevented from ageing). 


THE EFFECT OF COLD WORK AND 
STRAIN AGEING 


There are many examples showing that cold working, even 
without ageing may raise the ductility transition temperatures, 
but cold work plus ageing is more effective in raising transi- 
tion temperatures of hot-rolled structural carbon steel than is 
either cold work or ageing alone. Normalising prior to cold 
working seems to reduce the embrittling action of the cold 
working. The average energy transition temperatures were 
raised only about 25° F. for normalised semi-killed, and for 
normalised fully-killed steels, that had been prestrained 5 per 
cent. 

In addition to room temperature strain ageing embrittle- 
ment, medium carbon structural steels are sensitive to em- 
brittlement when strained and aged for a short period of time 
at an elevated temperature. Investigators have found that all 
steels with low manganese contents were sensitive to strain 
ageing embrittlement regardless of the nitrogen content. Steels 
having higher manganese contents were relatively insensitive 
to such embrittlement when the nitrogen content was low 


i) 


(0:05 per cent), but were badly embrittled by strain ageing 
when the nitrogen content was 0:010 per cent. 


ELEMENTS FORMING INTERSTITIAL SOLID 
SOLUTIONS 


CARBON 


In general, an increase in carbon content of mild steel 
results in a rise in tensile strength and a consequent loss in 
ductility, a lowering of the maximum energy in the Charpy 
test and an increase in both the fracture appearance and the 
ductility transition temperatures. 

In an investigation on fully deoxidised steels, Rinebolt & 

Harris? found that the average energy transition temperature 
for V-notch Charpy specimens was raised about 50° F. for each 
increase of 0°1 per cent in the carbon content, whereas the 
ductility transition temperature (15 ft./lb.) was increased only 
25° F. for the same increase in carbon. These results were valid, 
however, only for carbon contents in the range 0 to 0-3 per 
cent. At higher carbon concentrations the effect was larger. 
The effect of carbon on energy absorption at various testing 
temperatures is given in Fig. 1. If all other factors are the 
same, the transition temperature decreases as carbon content 
decreases, but the tensile strength of the material also 
decreases at the same time. To raise the tensile strength to a 
determined level the steelmaker adds manganese. For the 
same tensile stress, an increase in the manganese/ carbon ratio 
has a beneficial effect on notch toughness. From Fig. | it may 
be seen that the effect of increasing the carbon content is 
twofold. 
1. The maximum energy in the ductile condition is reduced— 
this is partly due to the increased upper yield stress of the 
steel and, although the tensile strength is increased by 
carbon, the ductility is markedly reduced. It is difficult to 
assess the exact effect of pearlite from the metallographic 
observations on normalised steels, the pearlite lamellz 
appear to act as barriers and may deform greatly under 
sufficiently high rates of loading. On the other hand there 
is ample evidence that suitably orientated lamelle of 
pearlite can act as sources of crack nuclei; furthermore, 
the presence of large amounts of pearlite will exert some 
restraint upon the ability of the ferrite to deform plasti- 
cally. Thus, as the amount of pearlite increases there is a 
greater probability of a crack being readily started in a 
suitably orientated grain of pearlite or plate of carbide. 
The transition range is broadened and shifted to higher 
temperatures. Petch® considers that this, associated with 
the increased rate of strain hardening, due to carbon, for 
when the strain hardening rate is low a small change in 
temperature produces only a slight shift in the yield-stress 
curve relative to the fracture-stress curve but leads to a 
large change in the strain at which the curves intersect 
and consequently, a sharp transition range. When the 
strain hardening rate is high, however, a small change in 
temperature produces only a small change in the fracture 
strain, and consequently a broad transition range. An 
additional factor may be the ability of the pearlite to 
arrest or retard a crack so that the transition range may 
be widened by the presence of large numbers of pearlite 
grains. The sharp transition of the low-carbon steels is 
similar to the type of transition obtained with pure iron- 
carbon alloys and is probably characteristic of the ferrite 
solid solution. 


tN 


240 


| 0-01%C 


0:11%C 


160 


120 


Energy absorption ft Ib 


80 F 


— 300 — 200 —100 0 


0:22%C 


0:31%C 
0437 OC 


0:53%C 


0-63%C 
0:67%C 


100 200 300 400 500 


Temperature ° F. 


Fic. 1 


It is probable that the increase in transition temperature is 
associated with the carbon rejected from solid solution, since 
the maximum solubility of carbon in &-iron at 700° C. is about 
0-016 per cent. Tensile tests showed that the ductility of 
pure iron-carbon alloys was reduce by the presence of grain 
boundary carbides. A close connection between the impact 
transition behaviour and the appearance of carbide in the 
micro-structure was established by Allen and Associates’, 
although the fracture path rarely followed the grain—boun- 
dary carbides—the influence of the carbides in raising the 
transition range being associated with the micro-cracking of 
the grain—boundary films. Thus the transition of furnace- 
cooled and air-cooled specimens may be due to the number 
and distribution of micro-cracks when the ferrite is deformed 
to a small extent. 


NITROGEN 

Because of its interaction with other elements, the effect of 
nitrogen is difficult to evaluate, but there is little doubt that 
it increases the susceptibility of steel to brittleness. The degree 
of oxidation, the thermal history and the degree of cold work, 
all affect this susceptibility. 


It has been recognised for some time that many air-blown 
Bessemer steels possess a transition temperature which is 
higher than that of comparable open-hearth or modified 
Bessemer steels’. Enzian and Salvaggio* found that in low 
manganese steels, nitrogen had comparatively little influence 
upon the transition behaviour, but exerted a significant effect 
in high manganese steels. The embrittling effect of nitrogen 
was found by Geil, Carwile and Digges® to be largely over- 
come by aluminium, which reacted to form aluminium 
nitride. This aluminium does not always overcome the detri- 
mental effect of nitrogen, and is apparently ineffective when 
added in small amounts to semi-killed steels, presumably 
because the aluminium preferentially combines with the 
oxygen present. In fully-killed steels the aluminium in excess 
of that required for deoxidation can combine with nitrogen, 
thus reducing its embrittling action. The effectiveness of 
aluminium in counteracting the effect of nitrogen, seems also 
to be increased by normalising. Although nitrogen is con- 
sidered deleterious by all investigators, opinions differ on its 
influence in the presence of alloying elements. Nitrogen reacts 
with alloying elements present in steel and its effect is there- 
fore difficult to estimate. 


ELEMENTS ENTERING INTO SOLID SOLUTION 
MANGANESE 


Manganese is added to steel to eliminate the high-tempera- 
ture brittleness induced by sulphur, and because it is a good 
deoxidising agent, also reduces the susceptibility of steel to 
brittleness at atmospheric temperature, and raises the ultimate 
tensile strength. All investigators agree that manganese lowers 
transition temperatures, although they disagree as to the 
mechanism by which this is achieved. 

The effect of manganese additions is to: — 

(1) Refine the grain, and fine-grained steels are less brittle 
than coarse-grained steels. 

(2) Change the composition of carbides and alter their 
behaviour as manganese is a mildly carbide-forming 
element. [Manganese favours the spheroidisation of car- 
bides, which for high manganese content form globules 
instead of bands. 

(3) The addition of manganese to iron alloys of low carbon 
content decreases the amount of cementite film surround- 
ing pearlite grains. The thickness of the carbide film is 
diminished and the pearlitic structure is refined. 

(4) Increase the solubility of carbon in ferrite because man- 
ganese present in the ferrite has a higher affinity for 
carbon and nitrogen than has iron. 

(5) Affect the response of steel to heat treatment. 

(6) Diminish the ageing tendencies of steel. 


NICKEL 


Like manganese, nickel is generally regarded as beneficial 
in lowering the transition temperature of steels. The improve- 
ment in impact properties is particularly marked for normal- 
ised low-carbon steels and the effect is progressive up to con- 
tents of 13 per cent when there appears to be no transition 
from ductile to brittle behaviour, even at temperatures as low 
as —300° F. The impact properties of normalised steels con- 
taining other alloying elements are also improved by nickel 
provided the alloy content of the steel is not high enough 
to lead to the formation of untempered martensite in the 
normalised structure. 

Similar effects of nickel on impact properties have been 
noted for fully and incompletely hardened and tempered 
medium-carbon steels. 

Good low-temperature ductility and impact properties of 
stable austenitic stainless steels are generally reported, but if 
the stainless steel is such that it contains a proportion of 
ferrite, or if the austenite matrix is unstable so that low- 
carbon martensite forms as a result of deformation during 
low temperature impact tests, then some semblance of an 
impact transition will show in tests over a range of tempera- 
tures. 


SILICON 

In most structural steels silicon is added primarily as a 
deoxidiser when its effects depend greatly upon the presence 
of other deoxidising agents such as manganese and alumi- 
nium, making it difficult to separate its influence in this 
capacity from its effects as an alloying element. Available 
data indicates that silicon first lowers, when it has a grain- 
refining effect, and then raises the transition temperature. In 
the amounts which are normally encountered in structural 
steels the effect on transition temperature appears to be in 
accordance with its primary function as a deoxidiser. The 
initial depression of the transition temperature may well be 


associated with the protection which silicon affords to man- 
ganese by entering into solid solution in the ferrite and 
modify the pearlite carbide to lower the transition slightly. 
Further additions of silicon probably restrict plastic flow of 
the ferrite by solution hardening. 


CHROMIUM 

Chromium up to about | per cent has no significant effect 
on the impact transition temperature of normalised or slowly- 
cooled low-carbon, low-alloy steel'®. Beyond this limit the 
transition temperature rises with further increase in chro- 
mium content. The deleterious influence of large amounts of 
chromium is shown by the poor low temperature impact 
properties of the martensitic chromium stainless steels. 


MOLYBDENUM 


Small amounts of molybdenum up to 0°1 per cent appear 
to have little effect, but amounts of about 0°3 per cent raise 
the impact transition temperature of pearlitic steels, largely 
by the increased hardness produced. 


NIOBIUM 


Niobium" has a very high affinity for carbon and the 
interaction between these two elements provides the two 


major effects on which the practical developments are 
based. At temperatures above 1200°C. the niobium is 
in solid solution in the steel. On cooling at any but 


extremely high rates, niobium carbide precipitates over 
a range of about 700° C. This precipitate remains coherent 
with the steel lattice and consequently has a very pronounced 
strengthening and embrittling effect. The V-notch Charpy 
transition temperature is normally raised 10-309 C. The 
niobium carbide precipitate is very stable so that its effect 
persists even after prolonged tempering or stress relieving. If 
the steel is reheated for normalising or quenching, the precipi- 
tated particles of niobium carbide separate from the matrix 
as the steel transforms from ferrite to austenite, the niobium 
carbide tending to inhibit movement of grain boundaries and 
so control the grain size of the austenite, its effect being com- 
parable to that of aluminium nitrite in aluminium treated 
steels. A fine-grained austenite is formed, giving rise to a fine- 
grained ferrite, and therefore a stronger and tougher steel. 
With a 0:02 per cent addition of niobium to mild steel the 
V-notch Charpy transition temperature of a l-inch plate in 
the normalised condition was lowered by 10-30° C. 


RESIDUAL ELEMENTS 


SULPHUR 

The presence of iron sulphide causes intergranular fracture 
at elevated temperature and decreases boundary cohesion. 

In commercial steels, the sulphur content normally present 
appears to have little effect on the transition temperature. 
Larger additions, as in free-cutting steels, raise the transition 
temperature significantly. The principal effect of high sulphur 
contents in structural mild steels is to promote the develop- 
ment of a laminated structure. Laminations, whether of oxide 
or sulphide type are plate-like inclusions of little strength. 
When the laminations lie along the direction of stressing, 
cracks may readily form but the energy absorption may be 
quite high due to the laminations acting as barriers to the 
propagation of the cracks. Test results on laminated steels 
tend to cover a wide scatter range making interpretation 
difficult. 
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PHOSPHORUS 


Phosphorus raises the transition temperature of steels by 
an amount comparable with carbon—an increase of 72°C. 
for an addition of 0-1 per cent phosphorus has been reported. 
Allen & Earley’! found that a high transition temperature 
was obtained in samples which had been heat-treated in a 
temperature range where temper brittleness would develop, 
which would, in part, account for the inferior properties. 


OXYGEN 

Because of its reactions with iron and with the other 
elements present, oxygen plays a complex role in steel and is 
known to have a detrimental effect upon the toughness and 
ductility of low carbon steel. Brick'* discussed the effect of 
oxygen on the low temperature ductility of high purity iron ; 
with vacuum melted iron containing a trace of carbon, but 
no oxygen, the ductility was quite high. When the carbon was 
low and oxygen was present, the iron lost its ductility even 
at room temperature. The fracture followed the grain boun- 
daries rather than a path through the grains. Ductility at 
room temperature can be restored by addition of 0:02 per 
cent carbon or an equivalent amount of aluminium or 
titanium. This embrittlement usually does not occur in the 
composition range in commercial use. Grain boundary cracks 
in normalised mild steel have been found and attributed to 
the presence of oxygen. 


ALUMINIUM 


Aluminium modifies the embrittling effect of oxygen. It 
also tends to react with nitrogen, and alters the structure of 
sulphide inclusions. Aluminium killed steels also have fine 
grain; its effect on V-notch Charpy impact properties of 
medium carbon cast steel in the normalised and drawn condi- 
tion showed that the addition of aluminium is beneficial up 
to 1°5 to 2 Ib. per ton but that further additions may be 
detrimental!®. 


CONCLUSION 


The brittle behaviour of steel is still not fully understood 
and much work still has to be carried out, but with the know- 
ledge accumulated over the last twenty years, the uncertainties 
that have clouded the problem have been lifted. Improve- 
ments in design, in steel specifications, and in workmanship 
have all contributed to reducing the incidence of failures. 
Failures may never be completely eliminated but can be 
reduced to a very low figure. 
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